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EXECUTIVE SUMMARY 

This report presents analyses and discussions of oceanographic and 
marine biological studies conducted during 1979 in the vicinity of San 
Onofre Nuclear Generating Station (SONGS), which is located on the 
coast of southern California between the cities of San Clemente and 
Oceanside. Physical, chemical, and biological data were analyzed to: 1) 
assess the effects of the operation of SONGS Unit 1; 2) determine the 
effects of the construction of Units 2 and 3; and 3) provide a baseline 
for future assessment of the effects of Units 2 and 3 when they become 
operational.  

These studies meet the requirements of the Nuclear Regulatory 
Commission - Environmental Technical Specifications (ETS) for Unit 1 
and Preoperational Monitoring Program (PMP) and special ichthyoplankton 
study, as well as the California Regional Water Quality Control Board, 
San Diego Region - NPDES Permit receiving water and sediment Monitoring 
for Units 1, 2 and 3 and Construction Monitoring Program (CMP) for 
Units 2 and 3.  

Oceanographic studies examining nearshore water temperatures, 
turbidity, nutrients and water quality as well as local sedimentology 
were performed to assess natural and operational induced variability.  

Thermal changes induced by Unit 1 were determined to be insig
nificant compared to natural temporal and spatial variations in 
waters of the San Onofre region. The magnitude of thermal discharge 
variability was the same as spatial variations in natural temperatures.  

Turbidity at San Onofre varied with season and were greatest in 
winter and least in fall. Storm water runoff from San Onofre and San 
Mateo Creeks and wave action which resuspended bottom sediment had the 
greatest effect on local turbidity. The influence of the Unit I dis
charge on turbidity was perceptible but extremely localized, and lower 
in degree than the natural turbidity of the nearshore area.  

Construction and dredging activities for Units 2 and 3 had limited 
effect on water clarity. Dredging effects were short term and spatially 
limited. The effects rapidly disappeared when activities ended.  

Measurements of dissolved oxygen, hydrogen ion concentration and 
heavy metals showed the Unit 1 discharge to be in regulatory compli
ance. Between 1975 and 1979 iron midwater concentrations increased 
while copper mid-water concentrations in 1979 were the highest since 
1975. These levels were distributed over a large area, and attributed
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to general concentrations rather than specific effluent influence.  
Bottom sediment heavy metal concentrations showed no accumulations 
over the five year study period.  

The study of physical and chemical properties of intertidal and 
subtidal sediments as well as subtidal sedimentation rates, sea floor 
elevations, and beach morphology revealed that fluctuations in the 
distribution of sediment properties were natural except for those 
caused by impounding sand upcoast of the construction pad for Units 2 
and 3. No permanent changes were induced in the sediments of the 
intertidal and subtidal environments by construction or dredging 
activities.  

As observed in previous years, oceanographic processes were 
responsible for seasonal variability in plankton distribution and 
abundance. Localized differences were observed in zooplankton upcoast 
of San Mateo Point but were attributed to population patchiness. A 
gradient of decreasing plankton abundance proceeding offshore was 
observed. Effects of Unit 1 on plankton populations were not apparent 
since fluctuations fell within natural variability.  

Impacts on sandy intertidal biota were observed and attributed to 
the proximity of construction support structures. Community diversity 
was depressed immediately upcoast of the laydown pad, and enhanced 
within 500 m downcoast of the pad. Normal cycles of beach accretion and 
erosion and sediment transport have been modified by the presence of 
the pad. Numbers of individuals throughout the area have declined since 
1977, and the decline has been greater near the laydown pad. The 
intertidal area and its community should return to its pre-construction 
status after pad removal.  

Rocky intertidal community changes were largely attributed to 
physical changes in the habitat resulting from natural processes.  
Seasonal patterns of sand accretion/erosion, cobble instability and 
freshwater runoff were primarily responsible for community variability.  
Other factors including local disruption of habitat by clamming activ
ities probably contributed to a lesser extent. The community examined 
near the laydown pad was buried by sand accretion resulting from 
construction. However, this situation is expected to reverse once 
the pad is removed. No operational effects of Unit 1 were detected.  

Benthic infaunal community studies revealed that distribution 
patterns of dominant species were not significantly modified by SONGS 
construction activities. Community composition and abundance were 
influenced by environmental factors. These factors were altered by both 
natural causes and SONGS. Differences in species diversity, number of 
individuals, and biomass were detected in areas immediately upcoast and 
downcoast of Units 2 and 3 offshore construction areas and Unit 1
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discharge. Benthic infaunal effects resulted from inhibition of 
longshore sediment transport caused by construction activities and 
operation of Unit 1. After construction related structures are removed, 
a natural infaunal community will be reestablished.  

Depth, substrate stability, and light were responsible for varia
tions in the inshore, offshore and kelp bed cobble benthic communities 
in the vicinity of SONGS. Natural oceanographic events such as storms 
had a more pronounced effect on community stability than construction 
or plant operation.  

Diverse assemblages of fishes occurred offshore of SONGS. The 
dominant species included the queenfish, white surfperch, walleye 
surfperch and northern anchovy. Fish populations exhibited variations 
in seasonal abundance corresponding to reproductive, oceanographic and 
meteorological events. Queenfish, anchovy, and white croaker were the 
most abundant larval fishes both offshore San Onofre and entrained 
annually at Unit 1 as characterized in an ichthyoplankton investiga
tion. Cooling water discharge from Unit 1 had no apparent effect on 
the distribution or abundance of the fish community.  

Queenfish numerically dominated normal Unit 1 impingement while 
heat treatment catches were dominated by walleye surfperch. Length 
structure of impinged fish resembled that of fish caught offshore; 
however, more females than males were impinged. Peak catches of the 
walleye surfperch coincided with inshore movement of gravid females and 
offshore movement of juveniles. No effects of construction activities 
were detected.  

Variations in the kelp around San Onofre between 1910 and 1979 
have been attributed to variations in oceanographic and meterological 
conditions. Turbidity, temperature, nutrients, light and biotic grazing 
pressures control kelp recruitment and growth success. As demonstrated 
from kelp mapping, construction activities increased turbidity in the 
upcoast sections of the San Onofre kelp bed without areal decline in 
extent of the kelp. Major canopy deterioration was associated with 
midwinter storms. Successful kelp recruitment was observed in the 
upcoast section of the San Onofre kelp bed in September and December of 
1978 and 1979.  

It is concluded from these studies that only localized effects 
were caused by construction and cooling water system operation; how
ever, these effects were small when compared to the effects of natural 
environmental variations.  

Station operation has localized effects and provides no impediment 
to maintenance of the coastal biota. This is based on the following 
observations and assumptions that: 1) the benthic infauna exhibit
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patterns of high species diversity across environmental gradients, and 
this variation will be within the range of natural change along the 
coast; 2) fishes readily adapt to habitat modifications; 3) trophic 
relationships may be altered by station operation, but new food 
webs form and maintain energy flow; 4) the resources lost by entrain
ment and impingement are minimal compared to the available resource; 
and 5) kelp distribution and production may be modified, but within the 
range of natural variability observed along the coastal zone.



TECHNICAL SUMMARY 

TEMPERATURE 

Temperature monitoring was performed as part of the San Onofre Nuclear 
Generating Station Environmental Technical Specifications (ETS), Construction 
Monitoring Program (CMP), and Preoperational Monitoring Program (PMP) programs.  

Natural surface temperature and the amount of vertical stratification of 
temperature generally followed the annual insolation pattern. Several shorter 
duration (one to thirty days) cooling and warning trends were observed within the 
annual cycle, and resulted in temperature fluctuations as large as the seasonal 
range (60C).  

The frequency of variations in natural temperature covered the entire range 
of the frequency spectrum, from seasonal fluctuations to fluctuations within a 
few hours. The larger natural variations were at frequencies with periods corres
ponding to 75, 37, 30, 20, 11, and 1 days. Fluctuations of various frequencies 
combined to result in 100 changes in natural temperature within 30 days. Short 
term fluctuations in natural temperature (periods of a day to a week), were 
relatively small during the winter, on the order of 1.00 C and often quite large 
during the summer, resulting in 4 to 5C variations. Tidal currents were respon
sible for diurnal and semidiurnal fluctuations in temperature.  

Continuous temperature measurements revealed that temperature conditions at 
San Onofre were persistent for periods of a few days to two weeks. The integrated 
study approach of bimonthly surveys and continuous temperature measurements 
provided detailed spatial and temporal information on the distribution of temper
ature.  

Continuous temperature measurements at two locations 1000 and 2000 m 
offshore revealed that surface temperature usually decreased with distance 
offshore during the first half of 1979, and then increased with distance offshore 
during the second half of the year. During bimonthly surveys of 1979 the differ
ence in natural surface temperature with distance offshore ranged from 0.5 to 
2.0oC, differences in monthly mean surface temperature between these two loca
tions ranged from 0.1 to 1.30C.  

Results of continuous temperature measurements reveal that simultaneous 
temperature measurement at two locations can be significantly different depending 
on the amount of separation between locations. Daily, weekly, and monthly mean 
temperatures between continuous temperature sampling locations were often signi
ficantly different. Therefore, temperature measurements from far removed control 
locations do not accurately represent ambient conditions for the area of the 
generating station.  

Although absolute temperature between locations are not always similar, the 
fluctuations in temperature between continuous sampling locations were often 
similar. Fluctuations in temperature that had periodicities of 0.5, 1, 2, 4, 12, 
and 20 days were coherent between continuous temperature sampling locations. Low 
frequency (long duration) fluctuations were usually more coherent than higher 
frequencies, with the exception of tidal frequencies. Longshore coherency in 
continuous temperature records was usually greater than offshore coherency.
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The circulating cooling water system for SONGS 1 produced a surface thermal 
plume approximately three meters thick. Temperatures within this plume ranged 
from 0.5 to 2.2 0C above natural temperature. The surface extent of the 1oF 
(0.50C) elevated temperature field was contained within 1000 acres of less, 80 
percent of the time. The 40 F (2.2oC) elevated temperature field was contained 
within 15 acres or less, 80 percent of the time and was not observed 30 percent 
of the time.  

Middepth temperature from 610 m south of the SONGS 1 intake was used to 
estimate cooling water recirculation. Recirculation was sufficient to increase 
intake temperature by 1.00C or more, 45 percent of the time. During periods of 
recirculation, the increase in intake temperature was usually between 1 and 2oC.  
Therefore, approximately one half of the time, 10 to 20 percent of previously 
discharge water is recirculated back through the generating station.  

The thermal effect of SONGS 1 was comparable to the natural temporal and 
spatial variation in water temperature in the SONGS study area. The variability 
caused by the thermal discharge was of the same magnitude (0.5 to 2.00 C) as 
spatial variations in natural temperature observed during bimonthly surveys.  
Thus, the thermal impact of SONGS 1 is considered negligible.  

TURBIDITY 

Turbidity was monitored as part of the San Onofre Nuclear Generating Station 
Environmental Technical Specifications (ETS), Construction Monitoring Program 
(CMP), and Preoperational Monitoring Program (PMP) programs.  

Turbidity conditions varied significantly with waves and the amount of 
rainfall in 1979. The greatest effect on the amount of turbidity in the study 
area was storm water runoff from San Onofre and San Mateo Creeks and large waves 
which resuspended bottom sediment. Bimonthly survey measurements document spatial 
variability of turbidity throughout the study area, but were not frequent enough 
to document all the changes in the amount of turbidity with time, primarily due 
to the variability of wave and swell height.  

Natural turbidity generally decreased with distance from shore and vertical 
distance above the bottom.  

Intense vertical stratification of natural turbidity in the nearshore area 
occurs approximately one half the time. The circulating seawater system of SONGS 
1 redistributed a surface turbid plume only during periods of intense natural 
vertical stratificiation of turbidity.  

The influence of SONGS 1 on the distribution of turbidity was significantly 
smaller than the natural variability of turbidity with space and time in the 
nearshore coastal environment and therefore the impact of SONGS 1 on turbidity 
was negligible.  

Dredging activities for offshore construction of SONGS 2 and 3 circulating 
seawater system, resulted in turbidity plumes of limited extent. The dura
tion of these turbidity plumes was short due to the sporadic nature of dredging 
activities.  

WATER QUALITY 

Water Quality at San Onofre was monitored as part of the Environmental 
Technical Specifications (ETS), Construction Monitoring Program (CMP), and 
Preoperational Monitoring Program (PMP) programs.
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The operation of SONGS 1 did not depress dissolved oxygen (DO) by more than 
10%, nor did it alter hydrogen ion concentration (pH) by more than 0.2 pH units, 
and thus was in compliance with regulatory requirements in DO and pH.  

An increase in receiving water iron concentration has been observed through
out the SONGS 1 study area, including the control station from 1975 to 1979.  
These changes are attributed to natural variability in concentration and not to 
the operation of SONGS 1.  

During the past five years, there has been no consistent measurable increase 
in receiving water nor in ocean bottom sediment heavy metal concentrations due to 
SONGS 1 operation. It is therefore anticipated that heavy metal sampling for 
SONGS 1 will be discontiunued in accordance with ETS.  

Nutrient concentrations at the kelp beds varied between surveys of 1979, but 
mean concentrations showed no significant differences between kelp beds.  

SEDIMENT 

The purpose of the sedimentology study was to determine the effects of SONGS 
Units 2 and 3 construction and dredging operations upon the intertidal and 
subtidal sedimentary environments and to provide physical/chemical data to 
correlate with infaunal surveys.  

Intertidal beach profile measurements showed that erosion and accretion 
were minimal at the extreme upcoast and downcoast transects. Just upcoast of the 
construction pad accretion was maximal and the beach was the widest. Downcoast of 
the pad the beach exhibited maximum variation due to erosion and accretion.  

Intertidal sediments occurred in five sediment facies all of which were 
typical of the southern California beach environment. The areal distribution 
of sediment facies varied with time indicating seasonal changes in the wave 
climate and downcoast beach drift. Variation in sediment statistics was lowest at 
the transect just upcoast of the construction pad; indicating that sediment 
impoundment occurred upcoast of the pad.  

Subtidal sedimentation rates were lowest and least variable at off-shore 
(15 m) stations. The sedimentation rate indicated that most of the changes in sea 
floor elevation were caused by lateral, tractive motion of sediments rather than 
by vertical suspension and deposition, suggesting that dredge spoil deposition 
was minimal compared to other sources of sedimentation. No seasonal trends in 
sedimentation or correlation with high (>5 ft) waves were evident.  

Subtidal sediments occurred in four facies: a shallow water, fine sand 
facies; a sand-silt facies, a deep water, coarse silt facies; and a coarse, 
polymodal relict facies. The facies were distributed according to depth (except 
for the relict facies) and varied little in position during the years 1978 and 
1979. These facies are produced by natural processes; therefore, slight seasonal 
shifts of the facies normal to shore were interpreted as a response to summer/ 
winter changes in the wave intensity. The seaward shift of coarse sediments 
offshore from the construction pad was probably caused by the seaward deflection 
of littoral drift by the construction pad.  

The contemporaneous subtidal sediments varied in organic carbon content; 
however, no consistent areal or temporal patterns were evident. The carbonate 
carbon content of the contemporaneous sediments varied from 0 to 0.14% with only 
a slight tendency toward higher values at the deepest stations.
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Relict sediments tended to have higher carbonate carbon content and, occa
sionally a higher content of organic carbon.  

Sand was impounded in the intertidal zone upcoast of the construction 
pad. Downcoast, the stability of the beach has been reduced. Anomalous sediments, 
thought to be a result of dredge spoil dumping, were removed within one quarter, 
indicating that recovery from such perturbations occurs within three months. No 
pemnanent changes in the intertidal sediments were seen.  

PLANKTON 

Bimonthly plankton surveys were conducted to collect operational data 
for Unit 1 and preoperational data for Units 2 and 3.  

Chlorophyll a concentrations were lowest in March and highest in September.  
Peak chlorophyll a concentrations in July and September did not occur in previous 
years; however, they could not be related to any other physical or biological 
event during that period. No consistent pattern of upcoast-downcoast variability 
was found for chlorophyll a. Phaeopigment concentration exhibited spatial and 
temporal distribution similar to that observed for chlorophyll a. Phaeopigment 
concentrations were generally lower at the offshore 30 m stations than at the 10 
or 15 m stations. No consistent pattern of upcoast-downcoast distribution of 
phaeopigment was observed. Phytopigment flourescence ratios indicated that 
phytoplankton stocks in the study area were in a healthy state during all 
surveys.  

Mean total zooplankton abundance was lowest in January and highest in March.  
Typically, zooplankton were more abundant at the 10 and 15 m stations than at the 
30 m stations. However, in July the opposite pattern was observed. Total zoo
plankton abundance at the upcoast reference transect tended to be either higher 
or lower than at other transects, otherwise, no consistent upcoast-downcoast 
pattern of total abundance was observed. Zooplankton dry weight biomass was 
lowest in January and highest in March, paralleling the pattern of total abun
dance. No consistent upcoast-downcoast pattern of biomass was detected.  

Zooplankton species composition and rank order of abundance for select taxa 
was similar to that observed during 1975-1978. Any deviations from this pattern 
during 1979 were attributed to the inclusion of stations located farther offshore 
for the preoperational objective.  

Significantly higher values of chlorophyll a, phaeopigments, total zoo
plankton abundance, and zooplankton biomass were observed for the lower depth 
stratum.  

Periodic climatic patterns which affect local oceanographic phenomena, such 
as upwelling and intrusion of offshore surface water, appear related to distribu
tion patterns of plankton observed from 1975 to 1979. No patterns of distribution 
or abundance (concentration) could be related to the operation of SONGS Unit 1.  
The natural variability of the offshore planktonic community near SONGS obscured 
any effects of Unit 1 operation.  

SANDY INTERTIDAL 

The effects of construction activities on the infaunal community occupying 
intertidal sands near SONGS in 1979 was studied. The results were similar to 
that observed in previous years. Although distinguishable from sandy infaunal 
communities at other exposed sites in the southern California Bight, the SONGS
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community was very similar in structure and species composition. Weighted 
multiple discriminant analysis of intertidal data indicated that beach slope and 
substrate grain size characteristics were the abiotic variables most closely 
associated with biotic distributional patterns. Slope and grain size character
istics of the sites immediately upcoast of the laydown pad were affected by the 
interruption of long-shore sediment transport. The unnaturally wide beach near 
the laydown pad has stabilized, and has ceased growing. Sites within 500 m 
downcoast of the pad were unstable in 1979, with marked accretion and/or erosion 
between surveys. The fauna at these sites remained rich, but density declined at 
a higher rate in the construction affected areas. Intertidal infaunal community 
changes were related to the presence of the laydown pad and changes in sediment 
transport associated with its presence. The mechanism through which the fauna are 
affected is unclear. The area will remain biotically and abiotically disturbed 
until the pad is removed, but should return to its pre-construction status with 
no long-term residual effects following pad removal.  

INTERTIDAL COBBLE 

Distributional characteristics of intertidal organisms and substrate were 
surveyed to detect changes related to operation of Unit 1 and construction 
of Units 2 and 3. Sampling was not conducted during the third quarter of because 
there were not acceptable low tides (lower than -0.1 m MLLW).  

The most abundant taxa observed in 1979 were those that had previously been 
reported. Biotic variability in 1979 was attributed to seasonal changes in 
recruitment, mortality, and long-term population fluctuations.  

Sand inundation and public recreational activities were the only.observed 
factors altering the intertidal cobble community. Clamming activity at all 
stations was lower in 1979 than in previous years. Photographs of the fixed 
intertidal quadrats at all stations revealed that new cobble habitat was made 
available for the settlement of organisms during the winter and summer. Bare 
substrate was probably caused by wave induced cobble movement, fresh water 
runoff, sedimentation, and sand abrasion.  

Construction of SONGS Units 2 and 3 caused temporary changes in the cobble 
communities at Station 3, due to accumulation of sand by the construction 
laydown pad.  

No operational effects of SONGS Unit 1 on intertidal cobble biota were 
detected with this study. Detectable biotic changes that occurred were caused by 
sand inundation, resulting from winter-summer beach processes and winter storms.  

SEDIMENT INFAUNA HABITAT 

The benthic infaunal community in the vicinity of SONGS was investigated as 
part of the construction monitoring program for Units 2 and 3 and the operation 
of Unit 1. Benthos at stations upcoast and immediately adjacent to the Units 2 
and 3 dredgeline construction site, and the operational Unit 1, displayed 
elevated numbers of species, individuals, and biomass in all trophic categories 
compared to reference areas. These patterns apparently resulted from accretion of 
sediments and elevated sediment organics related to construction and operation 
activities, respectively. Fewer infaunal species and individuals with lower 
overall biomass in all trophic categories occurred at stations downcoast and 
immediately adjacent to the dredgeline construction activities. These patterns 
apparently resulted from the interruption of natural longshore sediment transport 
processes by construction impediments.
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Community distribution patterns of the dominant species were not influenced 
by construction activities. Dominant patterns included: increasing number 
of species with depth, species that were characterized by high abundance within 
specific depth regimes, and ubiquitous species groups. Community distribution 
patterns were controlled by depth, sediment composition, water clarity, sedimen
tation, and organic carbon content of the sediments. These features were influ
enced by natural processes, construction activities and generating station 
operation. It was not possible to separate natural and construction related 
effects; however, construction related impacts should not persist following the 
cessation of construction and removal of structural impediments to longshore 
sediment transport.  

SUBTIDAL COBBLE 

Macroorganisms occupying subtidal cobble substrates were investigated as 
part of the Environmental Technical Specifications (ETS) program related to 
operation of SONGS Unit 1, the Construction Monitoring Program (CMP) and Pre
operational Monitoring Programs (PMP) realted to SONGS Units 2 and 3. No biolo
gical data was collected at inshore stations completely covered with sand during 
the February 1979 survey.  

An evaluation of quantitative data collected between 1975 and 1979 suggested 
the four principal factors responsible for the structure of benthic cobble 
communities in the vicinity of SONGS were: depth, substrate stability, light 
intensity, and biological interactions.  

Comparison of substrate composition at the inshore cobble stations indicated 
sand accretion due to unusually adverse meteorological and/or oceanographic 
conditions had occurred rapidly during short periods of time (e.g. thr'be months).  
Sand erosion, resulting in exposure of the original cobble habitats, was pro
jected to take two years or longer.  

The structure of the offshore kelp forest cobble communities was primarily a 
function of substrate composition and stability. The high abundance of crustose 
coralline algae at stations in the vicinity of the San Onofre Kelp (SOK) forest 
suggested that sand scouring had occurred. Additionally, the instability of the 
cobble substrate probably resulted in the mortality of juvenile Macrocystis 
plants in this area.  

Foraging by the sea urchin Lytechinus was also advanced to explain low 
Macrocystis recruitment and development of foliose red algae in certain areas of 
the SOK forest. Abundance patterns of crustose coralline algae and Parvosilvosa 
at offshore cobble stations in the vicinity of the SOK forest appeared to be 
caused by both physical and biological perturbations. Sand scour, turbidity, 
shading, predation, and cobble abrasion were suggested as factors which in
fluenced these patterns.  

The San Mateo Kelp canopy grew over sampling stations between February and 
July 1979, and provided a natural experiment to evaluate the effect of shading on 
hard bottom communities. The most obvious effect was the significant reduction in 
abundance of the algal assemblage Parvosilvosa and the foliose red alga 
Rhodymenia. All offshore cobble stations in the SOK area had significantly-higher 
mean percent algal cover than sessile invertebrate cover. In contrast, stations 
located in the San Mateo Kelp and near Barn Kelp had significantly higher mean 
sessile invertebrate cover.
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No physical, chemical or ecological effects associated with the operation of 
Unit 1 or the construction of Units 2 and 3 were discernible at the inshore 
cobble stations, the kelp stations, or the offshore cobble stations during 
1979.  

ICHTHYOPLANKTON 

An ichthyoplankton investigation was conducted near the San Onofre Nuclear 
Generating Station from August 1978 through July 1979 as a special activity 
of the preoperational monitoring program for Units 2 and 3. Samples of entrained 
ichthyoplankton were pumped from the Unit 1 intake riser via a 3 m standpipe.  
Intake samples were collected once each month during a 24 hr period. Concurrent 
nearshore ichthyoplankton samples were collected from the neuston by Manta net, 
the water column by Bongo net, and the epibenthos by Auriga net.  

Twenty-five taxa comprised 99.9% of the intake collections, with the 
dominant species being Engraulis mordax, northern anchovy (52.9%) Gen onemus 
lineatus, white croaker (14.1%), and Seriphus politus, queenfish (5.8%). Size
selective entrainment was established for each target species. The maximum size 
class was 9 to 21 mm for northern anchovy, 0 to 9 mm for queenfish and white 
croaker. Estimates indicated that Unit 1 annually entrained about 900 million 
larvae.  

A comparison of intake and nearshore ichthyoplankton samples indicated that 
water entrained by the Unit 1 intake is biologically representative of the 
midwater, with occasional strong influences from the epibenthos.  

ADULT FISH FIELD STUDY 

A diverse community of demersal fishes was studied in the community offshore 
SONGS using gill net and otter trawl. Temporal and spatial variability were 
related to foraging movements and reproductive activities including spawning and 
juvenile recruitment.  

Within the community, the queenfish, Seriphus politus; white croaker, 
Genyonemus lineatus; walleye surfperch, Hyperprosopon argenteum; white surfperch, 
Phanerodon furcatus; and northern anchovy, Engraulis mordax were the numerically 
dominant species. The relative abundance of these species were seasonally predic
table as evidenced by gill net catches from 1975 to 1979 and from otter trawl 
catches from 1978 to 1979. The numbers of individuals of Seriphus, Genyonemus, 
Hyperprosopon, and Phanerodon caught were generally greatest from April through 
October and least in December through March. Increased catches during April 
through October resulted from recruitment of Seriphus, Genyonemus, Hyperprosopon, 
and Phanerodon young-of-the-year, and the presence of reproductively active 
adults. Reduced catches of these species from December through March resulted 
from offshore and/or vertical migrations initiated or mediated by oceanic and/or 
meteorological distrubances such as storms.  

The fish community did not appear to be adversely affected by the dis
charge of Unit 1 cooling water; although the reproductive condition (based on 
gonosomatic indices) of Seriphus and Genyonemus caught near the discharge was 
significantly different than that observed for other areas.  

ADULT FISH IN PLANT 

SONGS Unit 1 impinged an estimated 565,934±56,937 fish weighing an estimated 
22,728.2±2,412.52 kg (50,107.04 lb) under normal operating conditions in 1979 and 
18,713 individuals weighing 1,274 kg (2,809 lbs) under heat treatment conditions.
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Queenfish (Seriphus politus) numerically dominated the normal flow impinge
ment catches while walleye surfperch (Hyperprosopon argenteum) numerically 
dominated heat treatment catches. The length structure of impinged Seriphus was 
similar to the length structure of Seriphus caught offshore during all surveys.  
Analysis of sex composition of Seriphus revealed that more females were impinged 
at Unit 1 than were caught offshore.  

Peak impingement catches of walleye surfperch occurred during the period 
of the year when gravid females were moving inshore and when young-of-the-year 
were moving offshore.  

SPORT FISHERIES STATISTICS 

Unpublished sport fishing data for the block surrounding SONGS (Block 756) 
was obtained from the California Department of Fish and Game. Data included 
monthly landings by species, number of angler hours, and southern California 
catch statistics.  

Between 1975 and 1978, the sport catches of rockfish, barred sand bass, kelp 
bass, Pacific mackerel, Pacific bonito, California barracuda were 29.3, 52.3, 
27.0, 29.6, 42.6, and 53.4 percent, respectively, for Block 756. This acccounted 
for 1.0, 16.5, 3.8, 3.9, 8.8, and 9.0% of the total landings for these species in 
southern California.  

Catch per unit effort (CPUE) for the block in the vicinity of SONGS was 
significantly greater in 1978 than between 1973-1977. The CPUE FOR Block 756, 
however, was significantly lower than for other blocks. This was due to 
differences in fishing effort.  

KELP 

Studies of the kelp beds in the vicinity of San Onofre region were conducted 
from January 1979 through February 1980. Results of these investigations indicate 
that turbidity and sedimentation rates were elevated in the upcoast section of 
the kelp bed by construction dredging activities. No measureable change in kelp 
canopy accompanied the dredging activities; however, the affect of dredge-related 
turbidity and sedimentation on potential bed development and expansion is not 
known. Major canopy deterioration was associated with midwinter storms. Success
ful recruitment of Macrocystis was observed in the upcoast section of the SOK 
from September to December in 1978 and 1979.



CHAPTER 1 

INTRODUCTION 

This report presents analyses and interpretations of the data collected 
during oceanographic and marine biological studies conducted in 1979 for the 
Southern California Edison Company in the vicinity of the San Onofre Nuclear 
Generating Station (SONGS). The data are contained in Volumes I, II, III, and IV 
of the SONGS 1979 Annual Operating Report. These studies meet the requirements of 
the Federal Nuclear Regulatory Commission (NRC) and the State of California 
Regional Water Quality Control Board, San Diego Region (CRWQCB).  

The analyses and discussions in this report integrate the physical, chem
ical, and biological data collected during 1979 in order to provide a basis 
for characterizing the marine environment in the vicinity of SONGS, and for 
evaluating the effects -of SONGS operation and construction activities on the 
marine environment.  

PURPOSE OF STUDIES 

The purpose of these studies was: 1) to assess the effects of SONGS Unit 1 
operation; 2) to assess the effects of SONGS Units 2 and 3 construction; and 3) 
to provide a baseline for future assessment of the combined effects of SONGS 
Units 2 and 3 when they become operational.  

BACKGROUND INFORMATION 

A general discussion of studies conducted at SONGS for the Southern 
California Edison Company is included here to provide historical perspective to 
the ongoing programs.  

Oceanographic and marine biological studies, referred to as the Marine 
Environmental Monitoring (MEM), began in 1963 in the San Onofre area and were 
reported on a semiannual basis to the CRWQCB until 1975. In 1975, the Unit 1 
Environmental Technical Specification (ETS) program was implemented in compliance 
with NRC requirements and this program has continued to the present. In 1976, in 
accordance with the Federal Water Pollution Control Act, the CRWQCB issued 
National Pollutant Discharge Elimination System (NPDES) permits for SONGS Units 
1, 2, and 3 which included marine monitoring programs to replace previous MEM 
requirements. The.existing NPDES monitoring program is essentially identical to 
the ETS. program.  

Studies of the effects of SONGS Units 2 and 3 construction were initiated in 
1974 as required by the CRWQCB. These studies focused on the impacts of sand 
disposal onto the beach from onshore .construction site excavations. These 
studies, called the Sand Disposal Monitoring Program, continued until December 
1976. The emphasis then shifted when dredging began for the emplacement of 
the offshore portions of Units 2 and 3 cooling systems began. Studies focused 
on the offshore construction activities as set forth in the CRWQCB Order No.  
71-6, Technical Change No. 2. -These studies are referred to as the Construction 
Monitoring Program (CMP).
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In 1978, a Preoperational Monitoring Program (PMP) was initiated in com
pliance with requirements of the Nuclear Regulatory Commission. The PMP along 
with other programs mentioned above, will provide a baseline of oceanographic 
and marine biological data prior to the operation of Units 2 and 3. The Pre
operational Monitoring Program is complementary to the Unit 1 ETS program and 
essentially expands the study area further offshore into the area of Units 2 and 
3 diffusers. The PMP was started in June 1978 and is scheduled to end in June 
1980, with 24 months of oceanographic and biological studies. A total of 18 
months of preoperational data are reported in this volume.  

DYNAMICS OF THE ECOSYSTEM 

To determine the effects of SONGS operation on the local marine environment, 
it is necessary to understand both the natural system and the potential ways 
SONGS may impose environmental change. The oceanographic forces driving the 
biological community are large in both number and effect. Many natural, cyclic 
phenomena including seasonal changes in the current, water temperature, and 
nutrient regimes impose significant biological change. Events such as storms, 
whether local or distant, may impact the biotic and abiotic components of the 
ecosystem. Changes occurring in bottom topography as a result of sand and sedi
ment transport may be reponsible for extensive habitat modification, thereby 
resulting in concomitant biotic redistribution.  

The San Onofre Nuclear Generating Station Unit 1 adds natural changes in 
the physical environment, including currents, turbidity, temperature, and the 
substrate. Local populations may respond to these changes by altering their 
behavior and/or abundance. This may eventually lead to changes in community 
structure and the trophic structure. However, in context with the many variables 
which naturally assail biological resources, the generating station might not 
necessarily cause any significant changes.  

It is concluded from these studies that only localized effects were caused 
by construction and cooling water system operation; however, these effects 
were small when compared to the effects of natural environmental variations.  

REGULATORY REQUIREMENTS 

The following regulatory agency requirements are being satisfied by these 
studies: 

o Nuclear Regulatory Commission - San Onofre Nuclear Generating Station, 
Unit 1, Environmental Technical Specifications, Docket No. 50-206, 
Section 3.1 Non-radiological Surveillance, and Section 4 Special Surveil
lance and Study Activities 

o Nuclear Regulatory Commission - San Onofre Nuclear Generating Station, 
Units 2 and 3, Preoperational Monitoring Program, dated 31 May 1978 

o California Regional Water Quality Control Board, San Diego Region - NPDES 
Permit No. CA0001228 for San Onofre Nuclear Generating Station Unit 1.  
Monitoring and Reporting Program No. 76-11, Section A, Fish Entrainment 
Monitoring and Section D, Receiving Water and Sediment Monitoring 

o California Regional Water Quality Control Board, San Diego Region - NPDES 
Permit No. CA0003395 for San Onofre Nuclear Generating Station, Units 2 
and 3, Monitoring and Reporting Program No. 76-21, Section D, Receiving 
Water and Sediment Monitoring
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Table 1-1. Data collection schedule for 1979.  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Oceanographic Surveys 

Temperature Vertical Profiles X X X 11 14 16 11 5 2 
27c 

Aerial Infrared Radiometry X X 11 14 a 1 11 5 7,27 

Surface Temperature Mapping X X 11 14 16 1 11 5 7 

Shoreline Temperature X X 11 14 16 1 11 5 7,27 

Continuous Temperature Maintenance X X 10,26 8 13 11,26 11,15 1 3,5, 1,8 4,14 2 2,13 6 
20 

Turbidity Vertical Profiles X X X 11 14 16 11 5 7,27 

Secchi Disc Visibility X X X 11 14 16 11 5 7,27 

Suspended and Settleable Solids 11 14 16 11 5 7 

Aerial Photographs of Turbidity X 11 14 a 1 11 5 7,27 

Currents 10,11 13,14 15,16 10,11 4,5 6,7 

Heavy Metals X X X 10 13 15 1d 12 4 9,29 

Dissolved Oxygen X X X 11 14 16 11 5 7,27 

Hydrogen Ion Concentration X X X 11 14 16 11 5 7,27 

Continuous Light and Temperature 7,31 9,10 9,25 8,20 5,18 
13,25 

Biological Surveys 

Plankton X X X 17-19 14-16 16-18 10-12 5-7 6-9 

Intertidal 
Sand X 21,22 16,17 6,7 4,5 

Cobble X X 26-27 13-14 3-19 

Subtidal 
Sand X 12,13 21,22 28,29 28,29 

19,22 30 

Cobble X X - X 6-12 12-26 17 16 18 5 

Kelp Bed Macrobiota X 6-12 12-26 17 16 18 5 

Fish 
Receiving Waters X X X 15-16 17-18 27-28 26-27 16-17 12-13 

Impingement 
Normal Operation X X Twice Weekly 

Heat Treatments X X 15 22 24 Se 29 18 

Kelp Bed Mapping X 13 6 20 20 

Nutrient Analysis X 26 15 15 17 16 20 11 20 11 12 16 28 

Special Study: Ichthyoplankton* X 

* Monthly, August 1977 to July 1979 
a Equipment malfunction, flights rescheduled for 1 June 
b Generating station offline, survey rescheduled for 27 November 

c Unit I stations only 
d Station D4N resampled 
e Unattended 

o California Regional Water Quality Control Board, San Diego Region 
Monitoring Reporting Program No. 71-6 for Construction of San Onofre 
Nuclear Generating Station, Units 2 and 3, including Technical Change 
Orders 1, 2, and 3 

Nuclear Regulatory Commision - Special ichthyoplankton study.  

Table 1-1 shows the data collection schedule for 1979 and indicates the 
regulatory agency requirements fulfilled by each sampling task.  

DESCRIPTION OF THE STUDY AREA 

The San Onofre Nuclear Generating Station is located along the California 
coastline at 330 22.5'N and 1170 32.5'W between the cities of San Clemente and 
Oceanside (Figure 1-1). The study area extends approximately 6.4 km (4 mi)
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upcoast (NW), 11.5 km (7 mi) downcoast (SE), and 3.3 km (2 mi) offshore from 
the generating station. This is an exposed coastal area of the Pacific Ocean 
identified on hydrographic charts as the Gulf of Santa Catalina.  

DESCRIPTION OF THE GENERATING STATION 

San Onofre Unit 1 is an electrical generating facility utilizing a pressur
ized water nuclear reactor which began commercial operation in 1968. San Onofre 
Unit 1 is a base-load plant and is normally operated at full capacity.  
Electrical output of Unit 1 is 456 MW.  

A once-through cooling system is used to cool the steam condensers. As 
illustrated in Figure 1-2 and shown in Table 1-2, seawater is drawn from a point 
907.4 m (2977 ft) offshore, located in approximately 8.2 in (27 ft) of water. The 
offshore intake structure is fitted with a velocity cap which is designed to 
reduce the entrapment of marine organisms and draws water horizontally from a 
depth of 4 to 5 m. After passage through the intake conduit and the condensers, 
the cooling water travels through a discharge conduit which tenninates in a 
vertical discharge structure located 750.4 m (2,462 ft) offshore in approximately 
7.6 in (25 ft) of water. The discharge results in a surface-oriented thermal 
plume. Under normal operating conditions, the temperature of the cooling water is 
raised approximately 190 F across the condensers at a flow rate of 1,325 m3 /min 
(350,620 gpm).  

The Unit I screenwell contains traveling screens and bar racks to remove 
debris and entrapped marine organisms from the cooling water before it reaches 
the pumps and steam condensers. Marine fouling growth in the cooling water system 
is controlled through periodic heat treatments which are typically conducted at 
intervals of from six to ten weeks. During heat treatments, the temperature of 
the cooling water in the screenwell is raised to approximately 100'F for 1.75 hr.  
At this time, all of the fish within the screenwell which have avoided impinge
ment on the traveling screens during normal operation are killed by the higher 
temperature and removed from the system.  

San Onofre Units 2 and 3 are under construction and are scheduled to begin 
operation in 1981 and 1983, respectively. Each of the new units will have an 
electrical output of 1180 MW. The once-through cooling system for each unit 
will have a flow rate of 3,137 m3 /min (830,000 gpm) and a normal operational 
temperature increase across the condensers of 19.1 0 F. As seen in Figure 1-2, the 
intakes will be located 970.2 m (3,183 ft) offshore in 9.8 m (32 ft) of water.  
Both units will have diffuser type discharges consisting of 63 ports spread over 
a distance of 762 m (2,500 ft). The Unit 2 discharge diffuser will extend from 
1,786.1 m (5,860 ft) to 2,510.9 m (8,238 ft) offshore and range in depth from 
11.9 m (39 ft) to 14.9 m (49 ft). The Unit 3 discharge diffuser will extend from 
1,024.4 m (3,361 ft) to 1,889.8 m (6,200 ft) offshore and range in depth from 9.8 
m (32 ft) to 11.6 m (38 ft).  

SCOPE AND ORGANIZATION OF THE REPORT 

Volumes I, II, III, and IV of the San Onofre, 1979 Annual Operating report 
were data reports containing the detailed results of the 1979 sampling. Volume I 
presented the physical-chemical oceanographic data from the Unit 1 ETS program, 
Units 2 and 3 Preoperational Monitoring Program (PMP), and NPDES monitoring.  
Volume II presented the biological data for intertidal infaunal, subtidal 
infaunal, kelp, and ichthyoplankton to meet requirements of Construction Moni
toring Program, Preoperational Monitoring Program and special study of the PMP.  
Volume III contained biological data for plankton, hard benthos, rocky inter-
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Table 1-2. Circulating cooling water system characteristics at San Onofre Nuclear 
Generating Station.  

Unit 1 Units 2 and 3 

Intake - Distance from Shoreline* 907.4 m (2977 ft) 970.2 m (3183 ft) 
Flow Rate (gpm) 350,620 830,000 ea 
Entrance Velocity 0.7 mps (2.2 fps) 0.5 mps (1.7 fps) 
Bottom Material Sand Sand 
Bottom Profile Mild slope Mild slope 
Cap Dimensions 9.1 x 10.7 m (30 x 35 ft) 14.9 m (49 ft dia) 
Cap Depth Below MLLW 3.5 m (11.5 ft) 3.7 m (12.25 ft) 
Cap Height Above Bottom 4.7 m (15.5 ft) 5.4 m (17.8 ft) 
Cap Overhang From Riser 1.3 m (4.3 ft) 2.2 m (7.3 ft) 
Opening Height 1.2 m (4 ft) 2.1 m (7 ft) 
Rip-rap Profile Low relief Mounded, low relief 

Pipes - Offshore Diameter and Velocity 3.7 m/2.1 mps (12 ft/6.9 fps) 5.5 m/2.2 mps (18 ft/7.3 fps) 
Length, Intake/Discharge 910.1/750.4 m (2986/2462 ft) 970.2/2510.9 in (3170/8238 ft 

1889.8 m (6200 ft) (Unit 3) 
Pump to Condenser Velocity 2.1 mps (6.8 fps) 2.1 mps (7.0 fps) 
Condenser to Screenwell 2.0 mps (6.7 fps) 2.1 mps (7.0 fps) 

Time - Intake to Screenwell 7.2 mi. 7.9 mi.  
Screenwell to Pump 1.0 mi. 1.5 mi.  
Pump to Condenser 0.3 min. 0.6 min.  
Condenser to Outfall 6.4 mi. 18.5, 13.3 mi.  

Screenwell Quiet Areas No Yes 
Flow Pattern Straight and turbulent Angled and uniform 
Screen Approach Velocity 0.5 mps (1.7 fps) 0.6 mps (2.0 fps) 
Velocity Through Screen 1.2 mps (3.8 fps) 1.0 mps (3.0 fps) 
Screen Number/Type 2-Tray. 7-Tray, each unit 
Screen Mesh Opening 5/8 inches 3/8 inches 
Trash Bar Opening 2.54 cm (1 in) 2.54 cm (1 in) 

Pumps - Number and Type 2-Vert. 4-Vert. each 
Submergence-margin 1.4 m (4.6 ft) 0.3 (1 ft) 

AT-degrees 19*F 19.1*F 

Baseload or Peaking Base Base 

Capacity Factor - 1979 87.9 Under Construction 

Availability - % of Time in 1979 90.2 Under Construction 

Theoretical Yearly Flow (gals) 18.43 x 1010 43.6 x 1010 (ea) 

Actual - 1979 Yearly Flow (gals) (approx.) 16.59 x 1010 0 (under construction) 

9Assuming a 45.7 m (150 ft) beach in front of the Units 2 & 3 seawall (the distance from 

the seawall to MHHW = 15.2 9 + 15.2 m (50 ft + 50 ft) distance fr m seawall to MLLW 
= 61 m + 30.5 m3 (200 ft + 1(.ft) 

tidal for ETS Unit 1; N PDES; CMP Units 2 and 3; and PMP Units 2 and 3. The last 
data report, Volume IV, was concerned with the offshore fishery, impingement, 
and fishery statistics to fulfill ETS Unit 1, NPDES, and PMP Units 2 and 3 
requiLrements.  
P Units 2 and 3 requirements.  

This report, Volume V, includes the results of analyses of these data 
and a discussion of how the results relate to the objectives of the studies.  
The chapters address oceanographic/biological elements of the ecosystem. Each 
chapter contains an introduction which outlines the scope of the work and 
pertinent background information. A brief description of the methods is followed 
by the results and discussion relative to the study objectives.  

GENERATING STATION ACTIVITIES IN 1979 

San Onofre Nuclear Generating Station, Unit 1 operational characteristics 
for 1979 are presented in Figure 1-3.
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Figure 1-3. San Onofre Nuclear Generating Station Unit 1 operating characteristics 
during 1979.



CHAPTER 2 

OCEANOGRAPHY 

INTRODUCTION 

This chapter presents the results, analysis, and interpretation of physical, 
chemical, and geological oceanographic measurements for San Onofre environmental 
studies. Major areas investigated were temperature, turbidity, dissolved oxygen, 
pH, selected heavy metals, beach and bottom sediment characteristics, beach 
slope, and deposition rates of suspended material. Wave, nearshore current, 
nutrient, light intensity, air temperature, wind speed and direction, and precip
itation were obtained to aid in the definition of oceanographic conditions at San 
Onofre and the determination of effects of SONGS on the marine environment.  
Results of these temperature, turbidity, water quality, and sedimentology studies 
are presented in the following section.



CHAPTER 2A 

TEMPERATURE 

Temperature is the physical oceanographic parameter most directly affected by 
coastal generating stations which use ocean water for once-through cooling of 
steam condensers. The San Onofre Nuclear Generating Station Unit 1 (SONGS 1) 
utilizes 460 million gallons per day (mgd) (1209 m3/min) of ocean water for 
cooling of steam condensers. As ocean water passes through the steam condensers 
of the circulating seawater system of SONGS 1, its temperature is increased by 
approximately 12'C. When SONGS 2 and 3 commence operation, each unit will 
utilize 1195 mgd (3137 m3 /min) of ocean water, and the temperature increase 
will be approximately 110 C. This combined flow of 2850 mgd of warmed seawater 
represents 19.3 x 109 BTU's of waste heat introduced to the ocean each hour.  

Since the most ostensible effect of SONGS on the marine environment is the 
discharge of large volumes of heated water, temperature measurements are the most 
appropriate way to show the area of influence of SONGS. Temperature is also a 
good indicator of natural phenomena in the marine environment. Temperature can 
be used to identify oceanographic processes such as upwelling, storms, major 
currents, internal waves, and general characteristics of water masses.  

Temperature monitoring at San Onofre began in 1963, five and one half years 
before full operation of SONGS 1. Between 1963 and 1975, temperature was measured 
as a portion of the Marine Environmental Monitoring (MEM) program required by the 
California Regional Water Quality Board, San Diego Region (CRWQCB). From 1975 
to present, temperature measurements were obtained as a portion of the SONGS 1 
Environmental Technical Specifications (ETS) program required by Nuclear Regu
latory Commission (NRC). In 1976, the CRWQCB issued permits for SONGS 1, 2, and 3 
under the National Pollutant Discharge Elimination System (NPDES) which included 
a temperature monitoring program similar to the ETS temperature program. Tempera
ture measurements were initiated in 1978 as a portion of the Preoperational 
Monitoring Program (PMP) required by the NRC to determine natural baseline 
conditions for SONGS 2 and 3. Temperature measurements have been obtained in 
conjunction with the Construction Monitoring Program (CMP) for SONGS 2 and 3 
which began in 1974.  

Temperature was extensively measured throughout the seventy square kilometer 
SONGS study area as part of the physical and biological monitoring programs. The 
objectives of temperature studies were to: 1) document large spatial and temporal 
changes in temperature throughout the study area, 2) establish preoperational 
baseline conditions before operation of SONGS 2 and 3, 3) determine the hori
zontal and vertical extent of the thermal plume from SONGS 1, 4) determine the 
area of influence of SONGS 1, 5) estimate the extent to which heated water from 
SONGS 1 is recirculated back into the intake of the circulating water system, 
and 6) provide temperature data for the analysis and interpretation of biological 
findings.  

METHODS 

An integrated study approach to monitoring was used to fulfill objectives 
of temperature studies. This integrated study approach consisted of inten
sive bimonthly field surveys to determine spatial variations in temperature,
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continuous temperature monitoring at a few locations to determine temporal 
variations in temperature, and discrete temperature measurements in conjunction 
with biological sampling.  

A detailed, nearly-instantaneous picture of temperature conditions throughout 
the study area was obtained from bimonthly survey measurements. Vertical tempera
ture profile measurements at 74 stations (Figures 2A-1 and 2A-2) documented 
spatial differences in temperature, vertically and horizontally, throughout the 
study area. Aerial infrared radiometer measurements and surface temperature 
mapping by survey vessel were used to determine horizontal extent and location 
of the surface thermal field from SONGS 1. Aerial infrared measurements also 
documented spatial variation of surface temperature in the area of SONGS 2 and 
3 diffusers. Shoreline temperature measurements were used to determine shoreward 
extent of the thermal field.  

Surface, middepth, and bottom temperature was continuously recorded by ENDECO 
Type 109 temperature sensors at three stations to determine temporal variations 
in temperature due to natural conditions and SONGS 1. Surface, middepth, and 
bottom temperature was continuously measured at one location 2000 feet (610 m) 
downcoast of SONGS 1 discharge (Station C2S) to document natural and plant 
induced changes in temperature with time. A SONGS 1 continuous temperature 
control station (Station C22S), located beyond the influence of SONGS 1, docu
mented natural temporal fluctuations of temperature. Continuous temperature 
measurements in the vicinity of SONGS 2 and 3 diffusers (Station F2S) also 
documented natural variations prior to operation of SONGS 2 and 3. Continuous 
temperature measurements at hard bottom benthic stations for SONGS 2 and 3 began 
in September 1979.  

In-plant intake and discharge temperature data were continuously recorded by 
SCE within the upper three feet of the intake and discharge conduits. Intake and 
discharge temperature data were used to estimate the extent to which heated 
water is recirculated back into the intake of the circulating water system and 
determine the increase in discharge temperature as a result of recirculation.  

Each technique of the integrated study of temperature has its advantages 
and disadvantages. Field survey measurements are the only practical method of 
defining in detail spatial variations (vertically and horizontally) throughout 
the study area, and the location and extent of the thermal plume from SONGS 1.  
Continuous temperature monitoring at selected sites is the best method of deter
mining the overall temperature environment at San Onofre. These measurements 
are used to identify large scale natural oceanographic phenomena, determine 
the representativeness of survey measurements to natural conditions, document 
temporal variations in temperature, and estimate the frequency and amount of 
recirculation through the cooling water system of previously discharged waters.  

By taking an integrated study approach, the most advantageous techniques may 
be utilized to fulfill specific objectives of the study.  

A detailed description of instrumentation and methods used for temperature 
measurements was presented in Volume 1, Oceanographic Data Report (SCE 1980a).  

RESULTS 

Results of receiving water temperature monitoring are separated into 
three sections: 1) bimonthly surveys, 2) continuous temperature, and 3) intake, 
discharge, and ambient temperature comparison.
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BIMONTHLY SURVEYS 

Bimonthly surveys were conducted on 11 January, 14 March, 16 May, 11 July, 5 
September, and 7 November 1979. An additional survey of SONGS 1 stations was 
conducted on 27 November 1979. Data collected during these surveys were presented 
in tabular and graphical form in Volume 1, Oceanographic Data Report (SCE 1980a).  
Results of bimonthly survey measurements are presented in tabular and graphical 
form in Appendix I.  

Vertical profiles of temperature were taken at the 74 stations shown on 
Figure 2A-2. The temperature distribution at the surface, four meters of depth, 
and bottom determined from these profiles are shown as temperature contours on 
Figures I-1 through 1-21 of Appendix I.  

Surface temperatures were affected by the SONGS 1 thermal discharge, as 
illustrated in the surface contours. Other predominant features of the surface 
isotherms were variations in natural temperature with distance offshore, and 
among SONGS 2 and 3 sampling stations. The variation in natural surface temper
ature with distance offshore ranged from 0.4oC during the January survey to 2.00C 
during the July survey, with offshore waters generally being cooler than inshore 
waters. Surface temperatures at offshore locations for SONGS 2 and 3 varied from 
0.40C during the January survey to 1.80C during the July survey.  

Temperatures at four meters of depth were not affected by the thermal dis
charge from SONGS 1, with the exception of a few stations within 600 m of the 
discharge. Natural offshore variations in temperature at four meters of depth 
ranged from 0.40C during the January survey to 2.00% during the May and September 
surveys. Natural variations in temperature for SONGS 2 and 3 stations at four 
meters of depth also ranged from 0.4 0C during the January survey to 2.0 0% during 
the September survey.  

Bottom temperatures were not affected by the SONGS 1 thermal discharge except 
at shallow nearshore stations (depth less than 4 m) inshore of the discharge.  
Bottom temperature showed the largest variations with distance offshore and among 
SONGS 2 and 3 stations, due to increasing depth of the bottom with distance 
offshore and natural stratification of temperature with depth. Bottom temperature 
usually decreased with distance offshore (increased depth). The variation in 
natural bottom temperatures at SONGS 1 stations ranged from 0.70 C during the 
January survey to 8.5 0 C during the September survey. The variation in natural 
bottom temperatures at SONGS 2 and 3 stations was similar, ranging from 0.40C 
during the January survey to 7.00C during the July survey.  

A comparison of the mean, standard deviation, and range of surface, four 
meters of depth, and bottom temperatures is presented by survey in Table I-1.  
Similar information is presented by station in Table 1-2.  

The vertical temperature structure of waters offshore of SONGS is illustrated 
in isometric vertical cross-sections (Figures 1-22 through 1-28). These figures 
illustrate that the depth of the thermal field seldom exceeded three meters of 
depth, and became shallower with distance from the discharge.  

Results of aerial infrared radiometer measurements are shown on Figures 1-29 
through 1-43. The 1 and 4F elevated temperature fields exhibited large varia
tions in their size, shape, and location. The approximate surface area of the 1oF 
(0.6 0C) elevated temperature field ranged from 1 acre on 5 September to 1500
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acres on 11 July. The 40F (2.2 0C) elevated temperature field had a maximum 
surface area of 30 acres on 14 March, and was not observed during the 5 September 
and 7 November aerial flights.  

The maximum extent of the 1F elevated temperature field away from the 
discharge was approximately 3800 m during the 14 March survey, and the maximum 
extent of the 40F elevated temperature field was 600 m during the same survey.  
The 1oF elevated temperature was observed in contact with the shoreline during 11 
of the 15 infrared radiometer flights. The 40F elevated temperature field was 
never observed in contact with the shoreline.  

The variation in natural surface temperature with distance offshore and 
in the SONGS 2 and 3 discharge area ranged from 0.3 to 1.6 0C during infrared 
radiometer flights.  

Results of survey vessel mapping of surface temperature during bimonthly 
surveys are shown on Figures 1-44 through 1-51. The size, shape, and extent 
of the surface thermal field were similar to that determined from infrared 
radiometer flights.  

CONTINUOUS TEMPERATURE 

Continuous temperature data at the surface, middepth, and bottom of Stations 
C2S and C22S and at the surface, two middepth locations (4.5 and 9 m of depth), 
and bottom of Station F2S were presented graphically in Volume 1, Oceanographic 
Data Report (SCE 1980a). Monthly mean temperatures and standard deviations at 
Stations C22S, C2S, and F2S are presented in Table 1-3. The percent of time that 
temperatures at these stations differed from one another by more than 1.00C is 
shown in Table 1-4.  

A Student's t-test comparison of monthly mean temperatures reveals that 
surface, mid-depth (4.5 m), and bottom (9 m) temperature were significantly 
different between stations for each month of 1979. An F-distribution comparison 
of variances between locations revealed that variances in temperature were 
significantly different during most months. No apparent pattern was observed in 
the comparison of monthly mean temperatures, with the following exceptions: 1) 
monthly mean surface temperatures at Station C2S were usually warmer than at 
Station F2S for the first six months of the year, and monthly mean surface 
temperatures at Station F2S were warmer than at Station C2S for the next five 
months, and 2) monthly mean surface and bottom temperatures at Station C2S were 
usually warmer than at Station C22S.  

Observed fluctuations in ocean temperature are composed of several cyclic 
components of various amplitudes and frequencies. Power spectral density esti
mates are shown for each continuous temperature monitoring location on Figures 
1-52 through 1-61. These figures present the relative importance, based on 
duration and amplitude, of temperature fluctuations in the temperature record.  
Since this type of analysis includes the duration of the temperature fluctuation 
as well as its amplitude, low frequency (long duration) changes with small 
amplitudes can have greater power spectral density than high frequncy (short 
duration) changes with large amplitudes (Jenkins and Watts 1968).  

Meaningful power spectral estimates for low frequencies depend on the length 
of the continuous temperature record. Estimates with periods greater than one
third of the record length are of marginal value. Power spectral estimates were 
determined for the four-year data base of 1976 through 1979 at the surface and 
bottom of Station C2S, located 610 m downcoast of SONGS 1 intake, to obtain
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better estimates of the lower frequency fluctuations in temperature. The power 
spectral density estimates for the four-year data base at the surface and bottom 
of Station C2S are presented on Figures 1-62 and 1-63.  

The relative importance of the amplitude of temperature fluctuations is 
illustrated in filter band plots shown on Figures 1-64 through 1-73 for each 
continuous temperature location. These figures present the fluctuations of 
temperature within frequency bands which correspond to the following periods: 
less than or equal to eight days, between 8 and 60 days, and greater than or 
equal to 60 days. The actual temperature record is also shown on these figures.  

Fluctuations with periods greater than 60 days represent seasonal cycles in 
continuous temperature records. Fluctuations with periods between 8 and 60 days 
represent fluctuations usually due to large-scale meteorological and oceano
graphic conditions, and fluctuations with periods less than eight days usually 
represent changes caused by local processes in the San Onofre area (Koh and 
List 1974). The amplitude of short term fluctuations is often greater than the 
amplitude of seasonal fluctuations.  

Filter plots of the four-year data base of surface and bottom temperatures at 
Station C2S are presented on Figures 1-74 and 1-75. These figures illustrate 
only the temperature fluctuations which had periods of 8 to 60 days, or greater 
than 60 days during the four-year period of 1976 through 1979. The actual 
temperature record is also shown in these figures.  

Bimonthly filter plots better illustrate the magnitude of higher frequency 
temperature fluctuations. Bimonthly filter plots at the surface, middepth, and 
bottom of Station C2S, the surface of Station C22S, and the bottom of Station F2S 
are shown in Figures 1-76 through 1-85 for winter (January-February) and summer 
(July-August) conditions. These figures illustrate the fluctuations in temper
ature with periods less than or equal to 10 hours, between 10 and 30 hours, and 
greater than 30 hours. The actual temperature record and the predicted tide 
height are also shown on these figures.  

Results of autocorrelation of surface, middepth, and bottom temperature at 
Station C2S, and bottom temperature at Station F2S are shown on Figures 1-86 
through 1-93 for winter (January-February) and summer (July-August) conditions.  
These figures show how persistent temperature measurements at one location are 
with time (Bendat and Piersol 1971). Results of an autocorrelation of the amount 
of thermal stratification at Station C2S (surface minus bottom temperature) are 
presented on Figures 1-94 and 1-95 for winter (January-February) and summer 
(July-August) conditions, respectively.  

A coherency function was calculated to determine how well fluctuations in 
surface, middepth, and bottom temperatures at Station C2S matched similar fluc
tuations at Station C22S and Station F2S. The coherency function is calculated 
as: 

Hxy 2(f) = Gxy 2 (f) /Gx(f) Gy(f) 

where: Hxy 2 (f) is the coherency function between two records 
x and y, Gxy 2 (f) is the cross-spectral density function 
of records x and y, Gx(f) is the power-spectral density 
function of the x record, and Gy(f) is the power
spectral density function of the y record.
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The coherency function has a value between 0 and 1 and relates how well two 
records vary together with frequency (Bendat and Piersol 1971). The coherency 
functions between the surface, middepth, and bottoms of Stations C22S and C2S, 
and between Stations C2S and F2S are presented in Figures 1-96 through 1-102.  

INTAKE, DISCHARGE, AND AMBIENT TEMPERATURE COMPARISON 

Intake, discharge, and ambient temperatures were measured hourly during 1979.  
Monthly plots of intake, discharge, and ambient temperatures are shown in Figures 
1-103 through 1-114. The ambient temperature used for these figures is the 
surface temperature at Control Station C22S, as set forth in ETS for SONGS 1.  

Monthly means and standard deviations of intake, discharge, and surface 
ambient temperatures are presented in Table 1-5. Seasonal and monthly variations 
were similar for intake and ambient temperatures. Intake temperatures were warmer 
than surface ambient temperatures from January through April and during November 
and December. Intake temperatures were cooler than surface ambient temperatures 
from May through October. These cooler intake temperatures were primarily the 
result of natural temperature stratification during the spring and summer months.  

The percent of time that intake and ambient temperatures differed by more 
than 1.00C is also presented in Table I-5. Intake temperature was warmer than 
ambient temperature by 1.00C or more 28 percent of the time. Ambient temperature 
was warmer than intake temperature by 1.00C or more 17 percent of the time.  
Intake and ambient temperatures were within 1.0oC of each other 55 percent of the 
time.  

Discharge temperatures exhibited greater monthly variations than intake 
temperatures due to fluctuations in generating station operation. Short-term 
fluctuations in generating station operation occurred during periods of normal 
operation. These operational fluctuations are shown as spikes in discharge 
temperature records on Figures 1-103 through 1-114. The larger spikes in dis
charge temperature were usually due to heat treatment of the cooling water 
conduit.  

DISCUSSION 

The most direct effect of coastal generating stations which use ocean water 
for once-through cooling of steam condensers is on temperature of receiving 
waters. Temperature was extensively measured throughout the San Onofre area to 
determine natural temperature conditions and the effect of SONGS 1 operation on 
the distribution of temperature.  

TEMPORAL TRENDS 

The annual temperature cycle at San Onofre for 1979 was typical of average 
conditions, as illustrated by the comparison of monthly mean surface temperature 
at the downcoast control station to the fourteen year mean of surface temperature 
at San Clemente Pier (Conway 1980; Robinson 1978) shown in the lower graph of 
Figure 2A-3. Monthly mean temperatures at the downcoast control station were 
within 10C of the monthly mean temperatures for the previous fourteen year period 
(1965 through 1978) at San Clemente Pier, located 17 km upcoast of the control 
station. Natural temperature followed a cyclic heat balance consistent with the 
seasonal variation in the amount of insolation. Natural temperature was coolest 
during the winter months, when insolation was at a minimum, and increased 
during the spring and summer months as insolation increased. Natural temperature 
steadily decreased after its peak in August.
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Figure 2A-3. Surface temperature conditions near San Onofre.  

The seasonal fluctuations in natural surface temperattire during 1979 followed 
the seasonal insolation pattern more closely than the three previous years, as 
illustrated in filter plots for natural surface temperature from 1976 through 
1979 (Figure 1-74).
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Within this seasonal cycle, several shorter duration natural cooling and 
warming trends were observed. These cooling and warming trends, with periods of a 
few days to a month, generally had the greatest effect on natural temperature 
during the summer months, as shown in Figure 1-74, and caused temperatures to 
vary as much as the seasonal range (approximately 6oC) within five days.  
The seasonal trends and shorter term trends combined to result in a 100C range in 
natural temperature during 1979.  

The shorter duration warming and cooling trends in natural temperature were 
observed throughout the study area, as shown by the comparison of daily temper
ature records at the downcoast control station and San Clemente Pier (upper 
portion of Figure 2A-3). Natural fluctuations within the seasonal cycle were 
similar at these two locations, but temperature differences of 2 to 30C were 
often observed between locations.  

The representativeness of bimonthly surveys is illustrated on the central 
graph of Figure 2A-3. The daily mean natural surface temperature at downcoast 
control stations (C22S) was within one standard deviation from the mean for 
surface temperatures at SONGS 1 sampling stations, with the exception of the 
11 January and 27 November surveys. The mean and standard deviation at SONGS 1 
sampling stations includes stations influenced by the discharge. Bimonthly 
surveys during 1979 were fairly representative of the seasonal cycle in temper
atures, but were not always representative of short duration warming and cooling 
trends.  

The period of time for which bimonthly surveys were representative of 
temperature conditions at San Onofre varied with time of the year. Results of 
autocorrelation analyses of continuous temperature records for two month periods 
reveal that discrete surface temperature measurements were representative of 
surface temperature conditions for periods ranging from approximately 3 to 
6 days. Middepth temperature measurements (4.5 m) were representative for longer 
periods, ranging from 3 to 14 days. Bottom temperatures were representative of 
conditions from 3 to 15 days, with longer periods of representativeness during 
the first half of the year (January to June).  

Patterns in vertical stratification of temperature followed the seasonal 
insolation pattern. During winter months, temperatures throughout the water 
column were relatively isothermal. Increased insolation during spring and summer 
increased surface temperatures and resulted in formation of a thermocline. The 
intensity of this thermocline generally increased from spring through summer and 
decreased in fall. Autocorrelation analysis shows that the intensity of the 
thermocline was persistent for periods of 3 to 7 days.  

TEMPORAL VARIATIONS 

Temporal variations in natural temperature covered the range of the frequency 

spectrum, from seasonal trends to fluctuations within a few hours. Spectral 
analysis of continuous temperature records shows that significant cyclic fluc
tuations in temperature occurred at frequencies corresponding to periods of 
approximately 75 days, 37 days, 30 days, 20 days, 10 days, and 25 hours during 
1979. The power spectrum of the four year data base at Station C2S surface 
and bottom illustrate that the fluctuations with periods of approximately 60 
days, 37 days, 30 days, 20 days, 10 days, and 25 hours are present throughout the 
four-year data base.  

The power spectral density estimates indicate the relative importance of 
temperature fluctuations with respect to the duration and amount of temperature 
variation. For evaluating the impact of a thermal discharge, the magnitudes of 
natural temperature fluctuations are more important than the duration of their
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effect. The magnitude of temperature variations with time is illustrated in 
filtered annual temperature records. The magnitude of temperature variations with 
periods of greater than 60 days was approximately 60C at the surface and mid
depth, and approximately 4oC at the bottom (9 m of water). The magnitude of 
temperature variations with periods of 8 to 30 days was approximately 6oC at the 
surface, middepth, and bottom.  

Short-term fluctuations, with periods of less than eight days, significantly 
affected surface, mid-depth, and bottom temperature records at continuous 
temperature stations for SONGS 1, 2, and 3. The magnitude of these short term 
temperature variations at the surface, mid-depth, and bottom varied with season.  
During winter months (December through February), the magnitude of fluctuations 
was small, on the order of 10C. During the summer months the magnitude of fluc
tuations was significantly greater; 2 to 3C at the surface, 3 to 40C at mid
depth, and 4 to 5C at the bottom.  

The relative importance, magnitude, seasonality, and tidal correlation of 
these short term fluctuations are better illustrated in the bimonthly filter 
plots. These plots illustrate the correlation of tidal and temperature fluctu
ations. The often large, short duration fluctuations in temperature are due to 
tidal currents which can bring water masses of different temperature to a 
sampling location within a few hours.  

SPATIAL TRENDS 

Spatial trends in the distribution of natural temperature were observed 
during bimonthly oceanographic surveys. Ocean temperatures at the surface and 
four meters of depth generally decreased with distance offshore during bimonthly 
surveys, with the exception of the 7 November survey, when natural temperature 
increased with distance offshore. Differences in natural temperature with dis
tance offshore ranged from 0.4 to 2.00 C. Bottom temperatures naturally decreased 
with distance offshore due to increasing bottom depth and natural temperature 
stratification with depth.  

Differences in temperature from profile measurements were due to spatial 
trends as well as time differences between measurements. Nevertheless, results 
of nearly instantaneous infrared measurements revealed changes of similar mag
nitude in natural temperature at the surface with distance offshore and in the 
SONGS 2 and 3 study area.  

Continuous temperature measurements illustrated several spatial trends. Nine 
out of 12 monthly mean surface temperatures at the station 610 m downcoast of 
SONGS 1 intake (Station C2S) were warmer than at the downcoast control station 
(Station C22S) due to the influence of the thermal field. Monthly mean bottom 
temperatures at Station C2S were slightly warmer than at Station C22S. Monthly 
mean surface temperatures at Station C2S were warmer than those at Station F2S 
(910 m offshore of Station C2S) from January through June, and December. Even 
though surface temperatures at Station C2S are periodically influenced by the 
thermal plume from SONGS 1, monthly mean temperatures at Station C2S were cooler 
than at Station F2S from July through November 1979.  

SPATIAL VARIATIONS 

Significant spatial variations were observed in natural temperature. Spatial 
variations of natural temperature in the SONGS 1 and SONGS 2 and 3 study areas 
ranged from 0.4 to 2.00C during bimonthly surveys.
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Temperature profile measurements revealed significant alongshore variations 
in natural temperature. These variations were of similar magnitude to those 
observed in the onshore-offshore direction, but there was no consistent pattern 
in longshore distributions. The variation in natural temperatures at the surface 
and four meters of depth in the SONGS 2 and 3 preoperational study area ranged 
from 0.4 to 1.80 C during bimonthly surveys.  

Significant differences were also observed between continuous monitoring 
locations. Daily, weekly, and monthly mean temperatures were often significantly 
different between locations. Due to the large natural spatial variability of 
temperature, it is futile to compare simultaneous temperature measurements from 
two locations separated by a kilometer or more and expect them to be the same.  

Although simultaneous temperature measurements at two locations were often 
different, the fluctuations in temperature with time at two locations were often 
similar. Results of coherency analysis reveal that low frequency fluctuations in 
surface temperatures at Stations C2S, F2S, and C22S were usually more coherent 
than higher frequency fluctuations, although several discrete high frequency 
fluctuations had high coherency. High coherency was observed for temperature 
fluctuations of approximately 0.5, 1, 3, 13, and 21 days.  

The coherency of surface temperature fluctuations was higher between Stations 
C2S and C22S than between Stations C2S and F2S, especially at lower frequencies.  
Stations C2S and C22S are both in nine meters of water and are separated by 6,100 
m alongshore. Station F2S is in 15 m of water and is 900 m offshore of Station 
C2S. These coherency functions illustrate that surface temperature fluctuations 
are more coherent in the longshore direction than in the offshore direction 
even though the longshore separation was approximately seven times that of the 
offshore separation.  

Coherency of middepth temperature fluctuations was generally higher between 
Station C2S and F2S than between Stations C2S and C22S. Coherency of middepth 
temperature in the longshore direction was usually greatest at higher frequencies 
and relatively small in lower frequencies. This pattern may be due in part 
to gaps in the continuous temperature record at Station C22S mid-depth. Low fre
quency fluctuations of middepth (4.5 m) temperatures were usually more coherent 
than high frequency fluctuations between Stations C2S and F2S.  

Coherency of bottom temperature fluctuations was generally greater for lower 
frequencies, although high coherency occurred for frequencies with corresponding 
periods between one and two days. Coherency of bottom temperature fluctuations 
were generally greater in the longshore direction, especially in temperature 
fluctuations with periods between 2 and 10 days.  

THERMAL INFLUENCE OF SONGS 1 

The area of thermal influence of SONGS 1 is illustrated by the composites of 
the areal extent of the 1 and 40F elevated temperature fields shown on Figures 
2A-4 and 2A-5. The circled fraction located in the corner of each environmental 
surveillance zone indicates the number of times during the fifteen infrared 
flights of 1979 that the elevated temperature field was observed in any portion 
of that surveillance zone.  

The surface extent of the 1 and 4oF elevated temperature fields exhibited 
large variations during 1979, as shown on Figures 2A-4 and 2A-5, and presented 
in Table 2A-1. Significant differences in the size of the 1 and 4oF elevated 
temperature fields were also observed. between infrared flights of the same 
survey, especially during the 11 January, 11 July, and 27 November surveys.
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Table 2A-1. Characteristics of the 1 F and 4! F elevated temperature fields, 1979.  
Tidal Wind Air Natural Area of Thennal Thermal Field Horizontal Extent (m)a 
Height Speed Dir Temp Plantload Surface Field (Acres) 4'F 1F 

Date Time PST (m) (kn) ('T) (C) MW AT (oC) Temp (oC) 4*F l"F UC DC IS OS UC DC IS 0S 

Jan 11 1023-1101 1.1 2.7 237 13.7 430 11.4 15.2+0.1 < 1 380 90b - - - 1300 500 750c 650 
1425-1501 -0.2 5.3 277 14.7 431 11.4 16.0+0.2 20 660 150 200 100 150 800 1700 750c 650 

Mar 14 0915-1000 1.6 9.7 173 14.6 431 11.1 14.7+0.1 6 700 150 40 90 100 3100 950 750c 1000 
1217-1257 0.9 5.5 216 15.3 432 11.2 14.970.2 20 720 200 150 300 90 2100 2200 700 500 
1514-1550 0.1 5.2 263 15.2 433 11.2 15.570.3 30 1500 600 100 350 60 3800 3600 750c 750 

June 1 1209-1250 0.8 9.4 258 18.0 425 12.0 18.6+0.1 10 320 150 150 - 500 350 1000 750c 700 

Jul 11 0801-0847 0.6 11.8 155 18.7 430 11.7 18.3+0.1 9 100 20 150 20 200 550 300 200 450 
1114-1150 1.5 8.2 193 19.3 427 11.8 18.6+0.3 d 450 d 2200 30 

600  
750 

1310-1340 1.1 5.4 208 19.4 426 11.8 19.270.1 15 1100 200 90 150 100 1900 3100 750c 700 

Sep 5 0957-1035 1.5 6.0 199 20.6 421 11.9 20.2+0.1 d 20 d 350 - 300 50 
1303-1339 0.4 5.2 219 21.2 421 11.8 21.2+0.1 d < 1 d d 

Nov 7 0757-0841 1.1 9.2 144 15.7 432 12.0 .16.1+0.3 d 400 d 2200 350 750c 550 
1300-1346 1.4 10.5 154 16.4 Oe 0 .3e 16.47+0.3 d 210 350-2600 - 150-750 

Nov 27 1150-1233 0.8 7.5 280 16.7 433 12.6 17.1+0.1 < 1 20 g 200 150 200 100 
1440-1515 1.3 8.4 306 16.7 432 12.6 16.6+0.3 11 610 150 80 - 250 500 1650 750 600 

a Extent along sea surface of 4'F and 1"F temperature contours as measured from discharge (Station XO): UC = upcoast; 
DC = downcoast; IS = inshore; OS = offshore.  

b One measurement equal to 4'F elevated temperature field taken 90 m upcoast of discharge.  
c Thermal field came in contact with shoreline.  
d No elevated temperature field was present.  
e Unscheduled plant outage at 1245 hr.  
f Distances where elevated temperature field started and ended.  
9 One measurement equal to 4'F elevated temperature field taken at discharge.  

These large variations in the extent of the thermal field were not due to 
changes in SONGS 1 operation. Plant load was near capacity (430 megawatts 
net) and the inplant increase in temperature of circulating seawater was between 
11 and 120C for all infrared flights of 1979 with the exception of the second 
flight on 7 November, during which an unscheduled plant outage occurred.  

The surface area enclosed by the loF elevated temperature field ranged 
from less than 1 acre to 1,500 acres, and averaged 490 acres. The surface area 
enclosed by the 40 F elevated temperature field ranged from less than 1 acre to 30 
acres, and averaged approximately 12 acres.  

The maximum extents of the loF elevated temperature field were 3800 m 
upcoast, 3600 m downcoast, 1000 m offshore, and 750 m onshore during 1979. The 
average extents of the 1oF elevated temperature field were 1500 m upcoast, 1030 m 
downcoast, 500 m offshore and 580 m onshore. The maximum extents of the 4oF 
elevated temperature field were 600 m upcoast, 200 m downcoast, 500 m offshore, 
and 350 m onshore. The average extents of the 4oF elevated temperature field were 
110 m upcoast, 65 m downcoast, 100 m offshore, and 70 m onshore.  

The frequency of occurrence of the surface area enclosed by the 1 and 40F 
elevated temperature contours is shown in Figure 2A-6. The data used to prepare 
this figure includes all areas measured during infrared flights from 1969 through 
1979 when the generating station was at, or near, full load. Eighty percent of 
the time, the 1F elevated temperature field was contained within 1000 acres 
or less and the 40 F elevated temperature field was contained within 15 acres or 
less. Fifty percent of the time, the 1F elevated temperature field was contained 
within 600 acres or less and the 4oF elevated temperature fields within 5 acres 
or less. The 40F elevated temperature field was not present thirty percent of the 
time.  

The large range in the surface area of the 1 and 4oF elevated temperature 
fields is due to natural conditions, since these measurements were taken during 
periods of full plant operation. Natural conditions have caused the surface area 
of the loF elevated temperature field to range from less than 1 acre to approxi
mately 3500 acres over the past ten years, and the 4oF elevated temperature field 
ranged in size from less than 1 acre to 220 acres.
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Figure 2A-6. Frequency of occurrence of the surface area enclosed by the 1V F and 4' F 
elevated temperature fields, 1969 through 1979.  

Natural conditions which affect the size of the thermal field include natural 
temperature stratification, currents, rate of mixing in receiving waters, -tide 
height, and winds (IAEA 1974). A correlation analysis of the size and extents of 
the 1 and 4'F elevated temperature fields during the last 4 years with natural 
phenomena is presented in Table 2A-2. Results of this analysis reveal that the 
variation in natural temperature stratification had the most significant effect 
on the surface area of thle 1 and 40F elevated temperature fields. Winds, cur
rents, and the rate of heat dissipation (indicated by the difference between air 
temperature and natural surface temperature) also significantly affected the 
surface area of the 10F elevated temperature field.  

Areal extent of the thermal field was typically less during periods of 
natural temperature stratification with depth. When temperature stratification 
occurs, the bottom and middepth waters withdrawn by the intake were cooler than 
surface waters. As the cooling water flow is discharged vertically, it entrains 
cooler bottom and middepth waters. The withdrawal and entrainment of cooler 
middepth and bottom waters by the circulating water system results in a cooler 
temperature directly over the discharge than would be observed if there was not 
thermal stratification. Thus, the amount of thermal stratification significantly
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Table 2A-2. Correlation analysis of size and extent of the 1V F and 40 F elevated 
temperature fields, 1976 through 1979.  

loF 4oF 

Upcoast Downcoast Surface Upcoast Downcoast Surface 
Extent Extent Area Extent Extent Area 

Temperature Stratification -0.162 -0.290 -0.462** -0.326 -0.243 -0.384* 
Current Speed -0.233 0.331 -0.429 -0.044 -0.347 -0.253 
Tide Height -0.74 -0.159 -0.026 -0.090 -0.227 -0.167 
Air-water Temperature -0.078 -0.152 -0.362* -0.105 -0.101 -0.092 
Longshore Wind -0.184 0.187 0.340* 0.089 0.050 0.047 
On-offshore Wind 0.196 0.305 0.084 0.361 0.361 0.349* 

** p < 0.01 
* p < 0.05 

affects the allTTerence between natural surface temperature and surface temper
ature of the thermal plume and therefore the surface area of the thermal field.  

The magnitude of the effect of natural temperature stratification on the size 
of the elevated temperature field is shown by comparison of the thermal fields 
during the 14 March and 5 September surveys. There was no vertical stratification 
of temperature with depth during the 14 March survey, and surface areas of the 1 
and 4oF elevated temperature fields were large. The water column was thermally 
stratified during the 5 September survey with natural temperature decreasing with 
depth from 21 to 170C in 9 m of water. The extent of the 1F elevated temperature 
field was confined to the immediate vicinity of the discharge during the first 
aerial infrared flight of 5 September, and loF elevated temperatures were not 
observed during the second flight. No 4oF elevated temperatures were observed 
during either of the infrared flights on 5 September 1979. The extent and area of 
the 1F elevated temperature field was generally small during periods of higher 
velocity currents, and during periods of high atmospheric heat dissipation when 
there are large differences between air temperature and temperature of the 1F 
elevated temperature field.  

The vertical extent of the surface thermal plume from SONGS 1 was limited to 
three to four meters of depth. The elevated temperature fields did not come in 
contact with the bottom except at shallow stations inshore of the discharge and 
at the shoreline.  

IMPACT OF SONGS 1 ON TEMPERATURE 

Thermal impact of SONGS 1 was small when compared to natural temporal and 
spatial temperature variation in the San Onofre study area.  

The circulating cooling water system for SONGS 1 resulted in a surface 
thermal plume approximately three meters thick, in which temperatures were 
increased from 0.5 to 2.20 C above natural temperature. The thermal influence of 
SONGS 1 was decreased by natural conditions such as vertical stratification, 
currents, and heat transfer to the atmosphere.  

The natural spatial variability of surface temperature in the SONGS study 
area resulted in surface temperature differences of from 0.5 to 2.00% during 
bimonthly surveys. Natural temporal variations resulted in temperature changes of 
0.5 to 3.00% in several hours.  

Since the magnitude of thermal influence by the generating station was 
similar to natural spatial and temporal temperature variations, the impact of 
SONGS 1 on receiving water temperature is considered negligible.
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RECIRCULATION 

Intake, discharge, and ocean ambient temperatures were compared to estimate 
the extent to which SONGS 1 heated water is recirculated into the intake of the 
circulating water system and to determine the increase in discharge temperature 
compared to ocean ambient temperature due to recirculation. ETS requirements for 
SONGS 1 established ocean ambient temperature as "the surface temperature in the 
upper two feet of the water column as measured by a continuous temperature 
monitoring station in Zone 6 ... located not less than 22,000 feet from the 
cooling water discharge port and a distance offshore equivalent to a 30 foot 
depth of water." 

Surface temperature at continuous temperature Station C22S satisfies the ETS 
requirements for ocean ambient temperature, but does not always reflect ambient 
temperature conditions at the depth of the SONGS 1 intake (5 m). Natural temper
ature stratification results in surface temperatures which are warmer than 
middepth temperatures.  

The percent of time that intake and surface ambient temperature differed by 
more than 1.00C from 1976 through 1979 is presented on Figure 2A-7. Over the 
four-year period, intake temperature exceeded surface ambient temperature by 
1.00C or more 24 percent of the time and surface ambient temperature exceeded 
intake temperature by 1.00 or more 19 percent of the time.  

PERCENT OF TIME THAT INTAKE TEMPERATURE WAS WARMER 
THAN SURFACE AMBIENT TEMPERATURE,BY MORE THAN 1.0 C.  

PERCENT OF TIME THAT SURFACE AMBIENT TEMPERATURE WAS 
90_ WARMER THAN INTAKE TEMPERATURE BY MORE THAN 1.0 C.  

a PLANT OFFLINE FOR MORE THAN 15 DAYS DURING THE MONTH.  
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Figure 2A-7. Comparison of intake and surface ambient temperature 1976 through 
1979.



2A-19 

A pronounced seasonal pattern is apparent on Figure 2A-7. During periods of 
water column temperature stratification, generally April through October, 
the surface waters were naturally warmer than middepth waters at the depth of 
the intake. This natural temperature stratification tends to mask any differ
ence between ambient and intake temperature which may reflect recirculation 
conditions.  

Middepth temperatures from Stations C22S and C2S were compared to intake 
temperatures, in addition to Station C22S surface. The data from these two 
locations were analyzed to provide a better estimate of the amount of recircu
lation. Table 2A-3 presents the results of the intake-ambient comparisons for 
these three ambient temperatures.  

Due to the large natural spatial variability of temperature in the SONGS 
study area, the station closest to the intake is considered most representative 
of ambient conditions for intake temperature. Since the thermal plume is gener
ally confined to the upper three meters of the water column, it is reasonable to 
expect that middepth (5 m) temperature at Station C2S were not affected by the 
thermal plume and, therefore, are the most representative of natural temperature 
conditions for the SONGS 1 intake. Figures 1-2, 1-5, 1-8, I-11, 1-14, 1-17, 1-20, 
and Figures 1-22 through 1-28 show that middepth temperatures at Station C2S 
were not affected by the thermal plume during any of the bimonthly field studies.  
Thus, Station C2S middepth is the location most representative of natural temper
ature conditions for the SONGS 1 intake.  

During 1979, intake temperature exceeded that at Station C2S middepth by 
more than 1.00C, 45% of the time. This indicates that some recirculation does 
occur for a significant part of the year. This recirculation generally increased 
intake temperature from 1 to 20 C.  

Although recirculation occurs during almost half of the year, the increase in 
discharge temperature with respect to surface ocean ambient was greater than the 
difference between discharge and intake temperature only during periods of little 
natural stratification of temperature with depth. Monthly mean discharge temper
atures were increased by 1.0 to 1.30 C during January, February, November, and 
December 1979, as shown in Table I-5.  

OCEANOGRAPHIC CONDITIONS DURING BIOLOGICAL SAMPLING 

Temperature is a good indicator of oceanographic and meteorological phenomena 
such as major currents, stons, and winds which can introduce a different Ylater 
mass to the study area. Some of the large variations in daily mean natural 

Table 2A-3. Percent of time intake and ambient temperatures differed by more than 
1.0 C.  

Intake Exceeded C22S Surface C22S Mid-depth C2S Mid-depth 
Month C22 Surface C22S Mid-depth C2S Mid-depth Exceeded Intake 

Jan 79 59 40 0 0 0 
Feb 52 90 48 0 0 0 
Mar 11 a 32 10 a 0 
Apr 38 79 27 6 0 0 
May 27 30 34 4 0 0 
Jun 1 42 30 22 1 0 
Jul 1 72 47 41 0 0 
Aug 3 56 9 48 3 33 
Sep 3 73 62 59 2 2 
Oct 7 66 86 18 4 0 
Nov 37 64 55 0 0 0 
Dec 83 70 66 0 0 0 
Year 28 64 45 17 1 3 

a No C22S mid-depth data for March.
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Figure 2A-8. Significant meteorological events affecting surface temperature during 
1979.  

surface temperature during 1979 appear to be the result of storms, onshore winds, 
and offshore (Santa Ana) winds as shown on Figure 2A-8. These meteorological 
disturbances introduce different water masses to the study area by altering 
the currents in the southern California area. Different water masses can have 
significantly different biological communities, especially among planktonic 
organisms which are transported by currents.  

Temperature conditions during plankton, fish, and hard and soft bottom 
benthic surveys are compared to natural temperature conditions on Figure 1-115 
through 1-118. Temperature measurements during biological sampling generally 
compared very well to natural temperature conditions at the downcoast control 
station with few exceptions.  

Significant changes in natural surface temperature were observed between 
bimonthly plankton surveys (Figure 1-114). Since dramatic changes in water 
temperature generally indicate changes in water mass, the plankton communities 
may have changed significantly between plankton surveys. Significant changes in 
water temperature occurred from within a few days to within a couple of weeks of 
plankton surveys.  

*Fish are mobile and, therefore, can adjust their distribution to changes in 
water mass. Temperatures observed during fish sampling surveys are shown on 
Figure 1-116.  

Changes in water mass do not directly affect the distribution of hard and 
soft bottom benthic communities, since they are basically immobile. Nevertheless, 
these communities must withstand variations in bottom water temperature to 
survive. Figures 1-117 and 1-118 illustrate some of the temperature changes 
experienced by the benthic communities.  

SUMMARY 

1. Natural surface temperature and the amount of vertical stratification of 
temperature generally followed the annual insolation pattern. Several 
shorter duration (one to thirty days) cooling and warming trends were 
observed within the annual cycle, and resulted in temperature fluctu
ations as large as the seasonal range (60C).
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2. The frequency of variations in natural temperature covered the entire 
range of the frequency spectrum, from seasonal fluctuations to fluctu
ations within a few hours. The larger natural variations were at fre
quencies with periods corresponding to 75, 37, 30, 20, 11, and 1 days.  
Fluctuations of various frequencies combined to result in 100C changes in 
natural temperature within 30 days. Short term fluctuations in natural 
temperature (periods of a day to a week) were relatively small during the 
winter, on the order of 1.00C and often quite large during the summer, 
resulting in 4 to 50C variations. Tidal currents were responsible 
for diurnal and semidiurnal fluctuations in temperature.  

3. Continuous temperature measurements revealed that temperature conditions 
at San Onofre were persistent for periods of a few days to two weeks. The 
integrated study approach of bimonthly surveys and continuous temperature 
measurements provided detailed spatial and temporal information on the 
distribution of temperature.  

4. Continuous temperature measurements at two locations 1000 and 2000 m 
offshore revealed that surface temperature usually decreased with dis
tance offshore during the first half of 1979, and then increased with 
distance offshore during the second half of the year. During bimonthly 
surveys of 1979 the difference in natural surface temperature with 
distance offshore ranged from 0.5 to 2.00C, differences in monthly mean 
surface temperature between these two locations ranged from 0.2 to 1.30C.  

5. Results of continuous temperature measurements revealed that simultaneous 
temperature measurement at two locations can be significantly different 
depending on the amount of separation between locations. Daily, weekly, 
and monthly mean temperatures between continuous temperature sampling 
locations were often significantly different. Therefore, temperature 
measurements from far removed control locations do not accurately repre
sent ambient conditions for the area of the generating station.  

6. Although absolute temperature between locations are not always similar, 
the fluctuations in temperature between continuous sampling locations 
were often similar. Fluctuations in temperature that had periodicities of 
0.5, 1, 2, 4, 12, and 20 days were coherent between continuous tempera
ture sampling locations. Low frequency (long duration) fluctuations were 
usually more coherent than higher frequencies, with the exception of 
tidal frequencies. Longshore coherency in continuous temperature records 
was usually greater than offshore coherency.  

7. The circulating cooling water system for SONG > roduced'a surface 
thermal plume approximately three meters thjO-.A>emperatures witria this 
plume ranged from 0.5 to 2.20C above nuadl temperature. The suraOce 
extent of the 1oF (0.50C) elevated !, " ature field was contained within 
1000 acres or less, 80 perceiI of the time. The 4oF (2.2oC) elevated 
temperature field was conta&tned within 15 acres or less, 80 percent of 
the time and was not observed 30 percent of the time.  

8. The large range in size of the elevated temperature field was due pri
marily to the variability in the amount of natural vertical temperature 
stratification, currents, and the rate of heat dissipation to the ocean 
and to the atmosphere.  

9. The amount of recirculation of previously discharged warm water back 
through the circulating water system could not be accurately determined 
by the ambient temperatures specified in ETS due to the natural spatial,
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temporal, and vertical variation in temperature. Middepth temperature 
from 610 m south of the SONGS 1 intake was used to estimate recircula
tion. Recirculation was sufficient to increase intake temperature by 
1.00C or more, 45 percent of the time. During periods of recirculation, 
the increase in intake temperature was usually between 1 and 2oC. There
fore, approximately one half of the time, 10 to 20 percent of previously 
discharged water is recirculated back through the generating station.  

10. The thermal effect of SONG 1 was comparable to the natural temporal 
and spatial variation in water temperature in the SONGS study area.  
The variability caused by the thermal discharge was of the same mag
nitude (0.5 to 2.0 0 C) as spatial variations in natural temperature 
observed during bimonthly surveys. Thus, the thermal impact of SONGS 1 is 
considered negligible.  

11. The natural spatial variability of temperature in the SONGS 2 and 3 study 
area was from 0.4 to 2.00C during bimonthly surveys of 1979.  
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CHAPTER 2B 

TURBIDITY 

The operation of the circulating seawater system of SONGS 1 affects the 
distribution of natural turbidity. SONGS 1 does not create turbidity within the 
cooling water system but rather redistributes middepth and bottom waters to 
surface waters. Middepth and bottom waters in the inshore area of SONGS 1 intake 
are often more turbid than surface waters. When this condition exists, bottom 
turbid water is distributed to the surface through the discharge plume.  

The effect of the circulating seawater system for SONGS 2 and 3 on turbidity 
is potentially greater than SONGS 1, due to larger cooling water flows, the 
displacement of usually more turbid middepth and bottom waters from nearshore to 
offshore surface waters, and during slack current conditions, the potential 
offshore flow induced by diffusers for SONGS 2 and 3.  

Turbidity is important to biological communities as well as for aesthetic 
reasons. Turbidity significantly affects the amount of light available to plant 
and animal communities and can therefore affect the productivity and diversity of 
marine organisms. Turbidity has the greatest direct effect on kelp and other 
marine plants by decreasing the amount of light available for photosynthesis but 
can also affect other organisms through alterations to the food web.  

The dominant natural mechanisms which affect turbidity in the San Onofre area 
are terrestrial drainage, waves, and currents. The introduction of suspended 
material to the study area generally occurs during and after periods of precipi
tation (generally December through March). During periods of precipitation, 
San Onofre and San Mateo Creeks (located 2.3 and 3.6 km north of SONGS, respec
tively contribute the greatest amount of suspended material from their combined 
600 km drainage area. During summer months, flows in these creeks are usually 
small, and there is comparatively little suspended material introduced to the 
ocean from them (CDWR 1967).  

Waves, and the associated nearshore circulation, combine to affect the 
distribution and intensity of turbidity. As the energy in waves is expended on 
the bottom, sediment is resuspended in the water column and.transported to other 
locations by currents.  

Turbidity measurements at San Onofre began in 1963, 5-1/2 years prior to 
operation of SONGS 1, and have continued to the present. Turbidity is part of the 
ETS, NPDES, CMP, and PMP programs and was measured in all phases of the marine 
studies at San Onofre except ichthyoplankton.  

The objectives of turbidity studies were to: 1) document spatial and temporal 
variations in turbidity throughout the study area, 2) determine the extent and 
intensity of the turbid plume.from SONGS 1, 3) establish preoperational baseline 
conditions for SONGS 2 and 3, and 4) provide turbidity data for analysis and 
interpretation of biological findings.
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METHODS 

Continuous vertical profile measurements of percent light transmittance were 
obtained at 74 stations (Figure 2A-2) during bimonthly surveys. These light 
transmittance profiles were used to document horizontal and vertical variations 
in turbidity throughout the study area, the extent of the turbid plume from 
SONGS 1, the natural variation for SONGS 2 and 3, and the effects of offshore 
construction for SONGS 2 and 3.  

Vertical profiles of percent light transmittance along a 1-meter path were 
measured with a Martek transmissometer and recorded by Brown and Caldwell's 
digital data processor. The transmissometer has a Wratten #45 filter which yields 
a relatively narrow (50 percent bandpass = 53 nm) spectral peak at 490 nm 
wavelength (near the wavelength of maximum penetration in clear ocean water). The 
transmittance of light is related to the volume attenuation coefficient (alpha) 
by the following: alpha = ln(1/T) where T is transmittance expressed as a 
decimal (Austin 1973). Observations of the depth of visibility of a white metal 
Secchi disc were also obtained at each station to document surface water clarity.  

Concentrations of suspended and settleable solids at surface and four meters 
of depth were determined from water samples collected bimonthly at selected 
stations.  

Aerial color photographs were obtained during bimonthly surveys to show the 
natural variability of turbidity in the study area, the extent of the turbid 
surface plume from SONGS 1, and the effects of offshore construction for SONGS 2 
and 3.  

Continuous light intensity was measured within 1 m of the bottom at five 
hard-bottom benthic stations beginning in September 1979. Continuous light 
intensity was measured onshore at the SONGS Visitor Information Center to record 
ambient light intensity. Continuous light intensity was measured in the 400 to 
700 nm wavelength band (photosynthetically active radiation) by a LICOR PAR 
underwater sensor and was recorded and processed in situ by a microprocessor.  

A detailed description of instrumentation and methods used for turibdity 
measurements was presented in Volume 1, Oceanographic Data Report (SCE 1980a).  

RESULTS 

BIMONTHLY SURVEYS 

Results of turbidity monitoring are separated into five sections: 1) bi
monthly surveys, 2) natural variations, 3) horizontal extent of the turbid plume, 
4) vertical extent of the turbid plume, and 5) effects of construction for SONGS 
2 and 3.  

Bimonthly surveys were conducted on 11 January, 14 March, 16 May, 11 July, 5 
September, and 7 November 1979. An additional survey of SONGS 1 stations was 
conducted on 27 November 1979, because of an unscheduled plant outage during the 
7 November 1979, survey. Data collected during these surveys were presented in 
tabular and graphical form in Volume 1, Oceanographic Data Report (SCE 1980a).  

Results of bimonthly survey measurements are presented in tabular and graph
ical form in Appendix II. These results document the large spatial and temporal 
natural variations in turbidity throughout the study area, illustrate the 
extent of the turbid plume from SONGS 1 and the turbidity effects of offshore 
construction for SONGS 2 and 3, and establish natural conditions in the SONGS 2 
and 3 offshore area.
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NATURAL VARIATIONS 

Turbidity varied between bimonthly surveys. Tables II-1 through 11-4 present 
for each survey the mean, standard deviation, and range of surface and 4-m depth 
values of percent light transmittance, suspended and settleable solids, and 
Secchi disc depths of visibility for SONGS 1 and SONGS 2 and 3 stations (see 
Figure 2A-2 for delineation of stations). Spatial and temporal trends were 
observed in light transmittance data with greatest turbidity in January, and 
least in November. There was less turbidity at SONGS 2 and 3 stations than at 
SONGS 1 stations. Mean surface light transmittance at SONGS 1 stations ranged 
from 8 percent on 11 January to 41 percent on 27 November. Mean surface light 
transmittance at SONGS 2 and 3 stations ranged from 32 percent on 11 January to 
74 percent on 7 November. At 4 m of depth, mean light transmittance at SONGS 1 
stations ranged from 9 percent on 11 January to 74 percent on 7 November 1979, 
and at SONGS 2 and 3 stations from 36 percent on 11 January to 72 percent on 7 
November.  

This large variation in means of surface light transmittance (8 to 74 per
cent) covers the range of turbidity conditions from very turbid to very clear 
water. Mean surface and four meters of depth light transmittance at SONGS 2 and 3 
stations ranged from 15 to 35 percent greater than means at SONGS 2 stations 
for corresponding surveys.  

Results of Secchi disc observations show the same general temporal and 
spatial trends as light transmittance, with most turbid conditions in January, 
clearest conditions in March and November, and significantly higher Secchi disc 
values at SONGS 2 and 3 stations than at SONGS 1 stations.  

Suspended and settleable solids data did not show the same seasonal and 
spatial trends as were observed in light transmittance and Secchi disc data. No 
seasonal trends were observed in suspended or settleable solids data. Spatial 
trends were limited to an increase in suspended and settleable solids close to 
shore and near the SONGS 1 discharge.  

Vertical profiles of percent light transmittance documented the horizontal 
and vertical spatial variation in turbidity throughout the study area (SCE 
1980a). The distribution of surface and four meters of depth percent light 
transmittance from all profiles during bimonthly surveys are shown on Figures 
II-1 through 11-14.  

The distribution of turbidity in surface waters in the study area is illus
trated by contours of Secchi disc depth of visibility presented in Figures 11-15 
through 11-21. The spatial distribution of surface and four meters of depth 
suspended and settleable solids concentrations during bimonthly surveys is shown 
on Figures 11-22 through 11-45.  

The most evident feature of the surface and four meters of depth contours of 
percent light transmittance are the natural spatial variations in turbidity, 
especially with distance offshore. Surface percent light transmittance generally 
increased with distance offshore. The difference between surface values at 
inshore stations and those furthest offshore range from 40 to 75 percent during 
bimonthly surveys of 1979. At four meters of depth, the onshore-offshore range 
was approximately 50 to 70 percent during bimonthly surveys, except during the 5 
September survey when natural light transmittance increased approximately 
25 percent with distance offshore.  

Natural variations in percent light transmittance and suspended solids 
concentrations alongshore were large, as illustrated in Figures 11-46 through 
11-49. Differences between surface percent light transmittance during bimonthly
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surveys at C-line stations (9 m of water depth) unaffected by SONGS 1, ranged 
from 20 to 40 percent, except during the 5 September survey when the range of 
percent light transmittance between stations was approximately 10 percent. At 
four meters of depth, differences between unaffected C-line stations ranged 
from approximately 20 to 35 percent, except during the 5 September survey when 
differences between stations were approximately 10 percent.  

The natural variation in percent light transmittance at SONGS 2 and 3 sam
pling stations and at stations in the vicinity of SONGS 2 and 3 diffusers was 
also large. The maximum spatial variation in surface and four meters of depth 
percent light transmittance in the SONGS 2 and 3 study area ranged from 15 to 40 
percent during bimonthly surveys.  

Contours of the depth of.Secchi disc visibility (Figures 11-15 through 11-21) 
further illustrate the large spatial variations in water clarity within the study 
area. These variations in Secchi disc visibility, however, are not reflected in 
the contours of suspended and settleable solids concentrations (Figures 11-22 
through 11-45), except in the nearshore area.  

The natural variation in turbidity with depth is shown in isometric vertical 
cross sections of percent light transmittance (Figures 11-50 through 11-56). The 
natural vertical stratification of turbidity was most intense during the March, 
September, and November surveys. During these surveys, light transmittance at 
C-line stations decreased from between 40 and 60 percent at the surface to less 
than 10 percent at the bottom. During the January, May, and July surveys, there 
was less vertical stratification in natural turbidity. During these surveys, 
light transmittance at C-line stations decreased from between 20 and 30 percent 
at the surface to less than 1 percent at the bottom.  

HORIZONTAL EXTENT OF THE TURBID PLUME 

The horizontal extent of the turbid plume is illustrated by contours of 
percent light transmittance for surface and four meters of depth (Figures II-1 
through 11-14) and by color aerial photographs (Figures 11-57 through 11-71). A 
comparison of percent light transmittance and suspended solids concentrations at 
the surface and four meters of depth during bimonthly surveys at C-line stations 
is shown on Figures 11-46 through 11-49.  

A surface turbid plume from the SONGS 1 discharge (indicated by decreased 
percent light transmittance) was observed during the March, September, and 
November surveys. The extent of this surface plume ranged from 1.2 to 1.8 km 
upcoast of the discharge during these surveys. No surface turbid plume was 
observed during the January, May, and July surveys, except in the immediate 
vicinity of the discharge.  

No turbid plume was detected at four meters of depth except during the 
September survey, and then this effect is difficult to distinguish from natural 
variability.  

Aerial photographs taken during the January, June, and July surveys show no 
turbid surface plume from the SONGS 1 discharge. A turbid surface plume from the 
SONGS 1 discharge was observed in the aerial photographs taken during the March, 
September, and the two November surveys. The intensity of these surface turbid 
plumes from the SONGS 1 discharge was less than, or equal to, the natural 
turbidity in the nearshore areas as shown in the aerial photographs.  

The distribution of suspended and settleable solids at the surface and four 
meters of depth is shown on Figures 11-22 through 11-45. The SONGS 1 circulating 
seawater system did not affect the distribution of surface or four meters of
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depth suspended and settleable solids concentration during the January, May, 
and and September 1979 surveys. The distribution of surface concentrations of 
suspended and settleable solids was affected by SONGS 1 during the March, July, 
and November surveys. SONGS 1 did not affect the distribution of suspended and 
settleable solids at four meters of depth except at stations within 600 m of the 
discharge during the May survey.  

VERTICAL EXTENT OF THE TURBID PLUME 

The vertical extent of the turbid plume is illustrated in isometric vertical 
cross sections (Figures 11-50 through 11-56). These figures illustrate that, 
when present, the surface turbid plume was 3 to 4 m thick in the vicinity of the 
discharge and became thinner with distance from the discharge, similar to the 
surface thermal field.  

EFFECTS OF CONSTRUCTION FOR SONGS 2 AND 3 

The construction of the offshore conduits for SONGS 2 and 3 intake and 
discharge lines required excavation of a trench for placement of the lines and 
backfilling once lines were laid. Construction trestles were used to place the 
conduit sections out to the depth of the intake structure (9 m). Sections further 
offshore were constructed utilizing a special jack-up barge. By January 1979, 
offshore placement of the intake and discharge conduits for SONGS 2 had been 
completed and construction of SONGS 3 intake and discharge lines had commenced.  
The backfill of dredge material to SONGS 2 had been completed by July 1979.  

The effect of offshore construction dredging operations on water clarity was 
limited to a relatively small area and short duration but was intense in its 
effects during dredging operations, as illustrated in aerial photographs taken 
during the September and November surveys.  

DISCUSSION 

Turbidity measurements during 1979 were fairly typical, exemplifying the 
large range of turbidity conditions usually found in nearshore coastal envir
onments. Turbidity conditions ranged from turbid to clear and appear to be 
influenced primarily by rainfall, waves, tide, and currents.  

TEMPORAL TRENDS 

A seasonal pattern in the amount and distribution of turbidity was observed, 
with increased turbidity in winter when waves and rainfall are greatest, and 
decreased turbidity in the late fall before the onset of winter storms. Within 
this somewhat seasonal pattern, several large-scale fluctuations in turbidity 
were observed.  

TEMPORAL VARIATIONS 

A comparison of surface light transmittance values at turbidity, plankton, 
and fish sampling stations (Table 11-5) shows differences in percent light 
transmittance each month, within three consecutive days of plankton surveys and 
within a few hours. Differences in turbidity between months were quite large.  
Surface light transmittance values at the same location were generally persistent 
for a few days, but some significant differences, as much as 30 percent, were 
observed between days and within a few hours. This shows that bimonthly surveys 
are not frequent enough to document the natural variations of turbidity at San 
Onofre.
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SPATIAL TRENDS 

The most dominant feature of turbidity data was the natural decrease in 
turbidity with distance offshore. This decrease is illustrated by the graph of 
yearly mean of light transmittance percentages, Secchi disc depths, and suspended 
solids concentrations for station lines parallel to shore (Figure 2B-1). Annual 
mean surface light transmittance increased from approximately 10 percent at 
A-line stations to 55 percent at M-line stations. A similar increase in light 
transmittance was observed at four meters of depth. The depth of Secchi disc 
visibility increased with distance offshore from approximately three meters at 
A-line stations to ten meters at M-line stations. The decrease in yearly average 
suspended solids concentration with distance offshore shows good correlation with 
the increase in light transmittance and Secchi disc values.  

The logshore distribution of turbidity in the SONGS 1 and SONGS 2 and 3 
study areas is illustrated in Figures 2B-2 and 2B-3, respectively. These figures 
show yearly mean values of percent light transmittance and suspended solids 
concentrations at the surface and four meters of depth, and mean Secchi depths 
for C-line stations in nine meters of water and J-line stations in seventeen 
meters of water. Comparison of these two figures also illstrates the greater 
water clarity in the offshore area, with light transmittance averaging approxi
mately 25 percent at C-line stations and 50 percent at J-line stations.  

At Stations CO, C2N, and C4N, the annual mean light transmittance at the 
surface was approximately 15 percent, while at other C-line stations, the mean 
was between 25 and 30 percent (Figure 2B-2). The lower percent light transmit
tance at Stations CO, C2N, and C4N was due to the combined effect of the turbid 
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plume from SONGS 1 and breaking waves due to the changes in bottom topography 
inshore of these stations (Figure 2A-2). The relative effect of each source of 
turbidity is undetermined. Nevertheless, the yearly mean of surface light trans
mittance at Stations CO, C2N, and C4N were 2 to 5 percent less than those at four 
meters of depth, suggesting influence of a surface turbid plume.  

At J-line stations in the offshore SONGS 2 and 3 study area, turbidity was 
considerably less than at the C-line stations. No significant longshore trends in 
the annual means were observed.  

Turbidity usually increased with depth, except during periods of rain when 
surface waters were generally more turbid.  

The large range observed in vertical turbidity structure was primarily due to 
waves and the amount of vertical mixing. Waves resuspend bottom sediment as they 
shoal. Higher and long period waves affect a larger area of bottom sediment than 
small, shorter period waves, and also induce more vertical mixing (Bowen and 
Inman 1974). Tide height significantly affects the area of the bottom over 
which the waves break and thus the areal distribution of turbidity. Density 
stratification also affects vertical mixing. These factors combine to create a 
complex pattern of vertical distribution of turbidity. When high waves or long 
period swells are present, whether due to local or distant storms, bottom mater
ial is resuspended and can be mixed throughout the water column, primarily in the 
breaker zone. When smaller waves are present, less bottom material is resus
pended and less vertical mixing occurs, resulting in turbid conditions confined 
primarily to a layer of water near the bottom (Gibbs 1974).  

SPATIAL VARIATIONS 

The natural variability of turbidity in the SONGS 1 study area was large.  
Significant differences in turbidity were observed with distance offshore, with 
turbidity generally greatest in the nearshore area due to waves breaking on 
the shore. The offshore extent of the natural nearshore turbidity zone varied 
considerably.  

Significant differences in natural turbidity were also observed alongshore in 
the SONGS 1 study area. Natural surface light transmittance at stations along a 
transect parallel to shore in nine meters of water ranged from 20 to 40 percent 
during bimonthly physical oceanographic surveys. Spatial variations at four 
meters of depth were similar.  

Turbidity also exhibited large spatial variations in the SONGS 2 and 3 study 
area. In general, variations increased with distance offshore. The maximum range 
in surface and light transmittance values, including the area of the diffusers, 
was from 40 to 75 percent during bimonthly physical oceanographic surveys.  
These spatial variations in turbidity observed during bimonthly surveys were 
greater than natural seasonal variations.  

INFLUENCE OF SONGS 1 

Under certain natural conditions, the seawater circulating system for SONGS 1 
affected the distribution of natural turbidity. SONGS 1 does not add appreciable 
amounts of turbidity to the cooling water flow but rather redistributes middepth 
and bottom waters to surface waters. Middepth and bottom waters are, at times, 
significantly more turbid than surface waters. When natural vertical stratifi
cation of turbidity occurs, the cooling water system transfers this turbid water 
to the surface, creating a turbid surface plume.
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Three regimes of vertical turbidity conditions have been observed at San 
Onofre. The first regime exists when nearshore waters are vertically well mixed 
and relatively turbid throughout the water column. This regime is typical of 
winter conditions when increased wave energy and terrestrial drainage result in 
turbidity throughout the water column. Under these conditions, displacement 
of middepth and bottom waters by the circulating seawater system for SONGS 1 does 
not create a surface turbid plume, because the turbidity in surface waters is 
about the same as the turbidity of middepth and bottom waters. Conditions during 
the 11 January, 16 May, and 11 July 1979 surveys were typical of this regime.  
Light transmittance at stations in nine meters of water decreased from between 10 
to 25 percent at the surface to less than 10 percent at the bottom during these 
surveys.  

The second regime exists when there is a definite vertical stratification of 
turbidity with depth. During these conditions, the displacement of turbid 
middepth and bottom waters to clearer surface waters results in a pronounced 
turbid plume. The natural stratification of turbidity with depth during the 14 
March, 5 September, 7 November, and 27 November 1979 surveys was typical of this 
regime. At stations in nine meters of water, light transmittance decreased with 
depth from between 40 and 60 percent at the surface to less than 10 percent 
at the bottom. Turbid surface plumes were observed in aerial photographs and 
turbidity data from these surveys. Light transmittance in the turbid plume 
near the discharge was depressed by 10 to 20 percent during these surveys. This 
effect decreased with distance from the discharge, and no depression of light 
transmittance was observed at stations greater than 1800 m from the discharge.  

The third regime exists when the receiving waters are relatively clear 
throughout the water column. During these conditions, no turbid surface plume is 
created since there is no difference in turbidity between surface, middepth, and 
bottom waters. This regime was not observed during bimonthly surveys of 1979 but 
was observed during the 16 November 1978 survey.  

During the occurrence of a turbid surface plume from the SONGS 1 discharge, 
the horizontal and vertical extent of the plume was influenced by currents, the 
amount of mixing in receiving waters, composition of suspended material, the rate 
of buoyant spreading of the plume, and amount of wave energy available to keep 
particles in suspension. Currents transport the turbid plume away from the 
discharge, and affects its horizontal extent. Mixing in receiving waters dilutes 
the turbid plume with ambient surface water, and the rate of mixing is affected 
by waves, current speeds, and thermal stratification (Waldichuk 1974, Cederwall 
1970). The texture and composition of suspended material affects the rate 
at which material settles out of the plume (Lerman 1974). The temperature differ
ence between the thermal plume and surrounding ambient surface temperature 
determines the rate of buoyant spreading of the plume, thus influencing the shape 
of the turbid plume.  

Supportive oceanographic data for 1979 (waves, currents, winds, and precipi
tation) were presented in Volume 1, Oceanographic Data Report (SCE 1980a).  
Bimonthly surveys which occurred during periods of natural vertical stratifica
tion of turbidity, and during which surface turbid plumes were observed, were 
usually preceded by at least a 2-week period of little or no rainfall and swells 
of less than 1 meter in height. When there were periods of high winds and waves 
or appreciable rainfall in the San Onofre area within 2 weeks prior to bimonthly 
surveys, there was little vertical stratification of turbidity, and no turbid 
plume was observed.
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IMPACT OF SONGS 1 ON TURBIDITY 

In order to determine the impact of SONGS 1 on turbidity, the frequency, 
intensity, and extent of the turbid plume must be compared to natural variations 
in turbidity. Although the seawater circulating system operates continuously, a 
turbid surface plume is produced only when turbid water at middepth and near the 
bottom is entrained -in the cooling water system. The frequency of occurrence 
of natural vertical stratification of turbidity cannot be determined from 
bimonthly surveys due to the natural variations in turbidity with time. Never
theless, during 14 out of the 25 surveys from 1976 through 1979, natural vertical 
stratification of turbidity was sufficient to result in a measurable turbidity 
plume.  

When a surface turbid plume was present, light transmittance near the dis
charge was decreased by 10 to 30 percent, and the amount of this depression 
decreased with distance from the discharge. This decrease in light transmittance 
in the plume was within the range of natural variation in nearshore waters 
observed during bimonthly surveys. It was also less than or equal to the natural 
variation in light transmittance (which ranged from 20 to 40 percent) between 
stations in nine meters of water during individual surveys of 1979.  

The extent of the surface turbid plume from SONGS 1 was difficult to deter
mine due to the comingling of the plume with turbid waters in the nearshore area 
but appeared to range in extent from about 200 to 1800 meters away from the 
discharge.  

The influence of SONGS 1 on turbidity at San Onofre is relatively small when 
compared to the extremely large, natural variability of turbidity in space and 
time in the coastal environment at San Onofre.  

INFLUENCE OF SONGS 2 AND 3 CONSTRUCTION 

Dredging and backfill operations for offshore construction of SONGS 2 and 3 
intake and discharge lines influenced the distribution of turbidity in a limited 
area for short periods of time. The effect of dredging operations was observed 
in suspended and settleable solids data and aerial photographs taken during 
bimonthly surveys. The effects of offshore construction on turbidity and sedi
mentation are presented in the section on sedimentology.  

SUMMARY 

1. Turbidity conditions varied significantly with waves and the amount of 
rainfall in 1979. The greatest effect on the amount of turbidity in the 
study area was stormwater runoff from San Onofre and San Mateo Creeks and 
large waves which resuspended bottom sediment. Bimonthly survey measure
ments document spatial variability of turbidity throughout the study area 
but were not frequent enough to document all the changes in the amount of 
turbidity with time, primarily due to the variability of wave and swell 
height.  

2. Natural turbidity generally decreased with distance from shore and 
vertical distance above the bottom.  

3. Intense vertical stratification of natural turbidity in the nearshore 
area occurs approximately one-half the time. The circulating seawater 
system of SONGS 1 created a distinguishable surface turbid plume only 
during periods of intense natural vertical stratification of turbidity.
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4. The influence of SONGS 1 on the distribution of turbidity was signifi
cantly smaller than the natural variability of turbidity with space and 
time in the nearshore coastal environment and therefore the impact of 
SONGS 1 on turbidity was negligible.  

5. Dredging activities for offshore construction of SONGS 2 and 3 circu
lating seawater system resulted in intense turbidity plumes of limited 
extent. The duration of these turbidity plumes was short due to the 
sporatic nature of dredging activities.  
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CHAPTER 2C 

WATER QUALITY 

Water quality characteristics of dissolved oxygen, hydrogen ion concentration 
(pH), and specified heavy metals were measured bimonthly in the SONGS study area 
in compliance with the Environmental Technical Specifications (ETS) and the 
Preoperational Monitoring Program (PMP), as required by the Nuclear Regulatory 
Commission (NRC) and the National Pollutant Discharge Elimination System (NPDES) 
and permits issued by the National Environmental Protection Agency (NEPA) and 
administrated by the California Regional Water Quality Control Board, San Diego 
Region (CRWQCB). Receiving water nutrient concentrations were determined monthly 
in conjunction with the kelp tissue sampling program.  

DISSOLVED OXYGEN AND pH 

The objectives of the dissolved oxygen and pH studies were to: 1) assure that 
natural dissolved oxygen and pH levels are maintained, 2) continue to increase 
the data base that has been established, 3) indicate the extent to which the 
operation of SONGS 1 affects dissolved oxygen and pH concentrations in the 
receiving waters, and 4) provide a preoperational receiving water data base prior 
to operation of SONGS 2 and 3, which will subsequently be compared to operational 
conditions to determine the effects of SONGS 2 and 3 on the receiving waters.  

The requirements for dissolved oxygen and pH, as specified in the ETS, are 
the same as those required by the Water Quality Control Plan for Ocean Waters of 
California (WQCP). The requirements state that dissolved oxygen concentrations 
shall not at any time be depressed more than ten percent from that which occurs 
naturally, as measured at a suitable control station. Historically, surface 
dissolved oxygen concentrations ranged from 4.3 to 12.6 mg/l in the coastal 
waters of southern California, with lower concentrations in winter and higher 
concentrations during spring (Allan Hancock Foundation 1965; SCCWRP 1973).  
Requirements also state that pH shall not be changed at any time more than 
0.2 units from that which occurs naturally. The natural range of pH for the SONGS 
study area, based on data measured from 1967 to 1973, is 7.3 to 8.5. Allan 
Hancock Foundation (1965) reported a range of surface pH of 7.5 to 8.6 in coastal 
waters near San Onofre, with an average pH of 8.1.  

HEAVY METALS 

The objectives of heavy metals studies required by ETS, NPDES, and PMP were 
to: 1) detect any measurable increase in heavy metals concentrations in receiving 
waters or ocean bottom sediments in the vicinity of the SONGS 1 discharge; and 2) 
provide a receiving water and ocean bottom sediment predischarge data base 
for SONGS 2 and 3, to be used as a reference to aid in subsequent determination 
of operational effects of SONGS 2 and 3 on the concentration of heavy metals in 
the environment.  

Monitoring of heavy metals concentrations in receiving waters and ocean 
bottom began in 1975 as part of the SONGS 1 ETS program. Samples were collected 
quarterly at four stations in the SONGS 1 study area and analyzed for copper, 
chromium, nickel, and iron concentrations. .In May 1978, five sampling locations 
were added in the SONGS 2 and 3 study area in compliance with PMP, sampling 
frequency was changed to bimonthly, and samples were also analyzed for titanium.
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NUTRIENTS 

Receiving water nutrient sampling in, adjacent to, and offshore of the SONGS 
study area kelp beds was conducted to provide data for comparison to nutrient 
concentrations in the kelp plants. A major limiting factor to kelp growth is the 
availability of nutrients in the seawater.  

METHODS 

Methods for measurement of dissolved oxygen, pH, and heavy metals are pre
sented in detail in Volume 1 of the Oceanographic Data Report (SCE 1980a). The 
following presents a sysnopsis of methods used in water quality studies.  

DISSOLVED OXYGEN AND pH 

Vertical profiles of dissolved oxygen and pH in the receiving waters were 
measured bimonthly at the 74 stations shown on Figure 2A-2. Dissolved oxygen and 
pH were measured and recorded simultaneously with temperature and light trans
mittance profiles using the Brown and Caldwell water quality data acquisition 
system. Measurements of dissolved oxygen were made by a polarographic gold/silver 
electrode which automatically compensates for changes in temperature. Accuracy of 
the dissolved oxygen sensor is + 0.2 ppm. The pH sensor is a glass and silver/ 
silver chloride electrode which determines pH to an accuracy of + 0.1 units with 
a resolution of 0.01 units.  

Calibration of the dissolved oxygen sensor was performed in the field by 
comparison with a modified Winkler titration analysis of dissolved oxygen.  
Winkler titrations were also performed on surface water samples from required 
SONGS 1 and SONGS 2 and 3 stations. Calibration of the pH sensor was performed 
prior to each survey. Standardized buffer solutions of a known pH were used in 
the calibration procedure, and all information was recorded in the calibration 
log book. Calibration was also checked in the field with pH buffer solutions.  

HEAVY METALS 

Middepth water and ocean bottom sediment samples were collected by divers and 
analyzed by atomic absorption spectroscopy to determine the concentrations of 
chromium, copper, nickel, iron, and titanium. Sample analyses were conducted in 
compliance with guidelines established by the U.S. Environmental Protection 
Agency (EPA 1969). The minimum detectable limits for analysis of water column 
samples were 0.0005 mg/l for chromium, copper, nickel, and iron, and 0.05 mg/1l 
for titanium. The mimimum detectable limits for analysis of sediment samples 
were 0.05 mg/kg for copper, chromium, and nickel, and 0.5 mg/kg for iron and 
titanium. All values are reported to two significant figures.  

NUTRIENTS 

Water samples at each station were collected with a Van Dorn bottle. Samples 
were chilled in an ice chest and returned to the laboratory where they were 
frozen until analysis. Nutrient analysis was performed using standard spectro
photometric procedures, outlined in Strickland and Parsons (1968).  

RESULTS 

Results of water quality monitoring are separated into four sections: 
1) dissolved oxygen, 2) hydrogen ion concentration, 3) heavy metals, and 4) 
nutrients. Data collected during bimonthly surveys were presented in tabular and
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graphical form in Volume I, Oceanographic Data Report (SCE 1980a). Results of 
bimonthly survey measurements are presented in tabular and graphical form in 
Appendix III.  

DISSOLVED OXYGEN 

Surface dissolved oxygen concentrations at required SONGS 1 operational and 
SONGS 2 and 3 preoperational monitoring stations are presented in Table III-1.  
Dissolved oxygen concentrations at required stations ranged from 7.1 to 9.8 mg/l 
with a yearly mean of 8.3 mg/l for all stations. Survey mean dissolved oxygen 
concentrations for required SONGS 1 stations ranged from 7.7 mg/l on 11 January 
and 5 September to 9.0 mg/l, on 16 May. Survey mean dissolved oxygen concentra
tions for required SONGS 2 and 3 stations ranged from 7.9 mg/l on 11 January and 
7 November to 9.4 mg/l on 16 May.  

Dissolved oxygen concentrations at the intake (Station CO) and discharge 
(Station XO) for SONGS 1 ranged from seven percent less than, to 13 percent 
greater than the downcoast control station (C22S). Surface dissolved oxygen at 
the control station was less than or equal to the concentration at the discharge 
during two surveys (11 July and 5 September). Mean dissolved oxygen concentra
tions at SONGS 2 and 3 preoperational Stations J2N, J2S, and J4S ranged from five 

percent less than, to one percent greater than the concentration measured at 
control Station F22S.  

Percent saturation of surface dissolved oxygen concentration at required 
SONGS 1 operational and SONGS 2 and 3 preoperational monitoring stations is 
presented in Table 111-2. Percent saturation of dissolved oxygen at SONGS 1 
stations ranged from 94 to 119 percent, and at SONGS 2 and 3 stations, ranged 
from 93 to 120 percent. Percent saturation at the discharge was greater than 
or equal to tha that at the control station (C22S) during all surveys due to the 
dependency of oxygen saturation on temperature. Mean dissolved oxygen percent 
saturation at preoperational stations ranged from eight percent less than, to two 

percent greater than percent saturation at control Station F22S.  

HYDROGEN ION CONCENTRATION 

Surface pH at required stations ranged from 7.95 to 8.34 with a yearly mean 
of 8.12. No seasonal patterns in pH values were apparent, but spatial variations 
were least during fall and winter surveys and greatest during spring and summer 
surveys. Surface pH values at required SONGS 1 operational and SONGS 2 and 3 
preoperational monitoring stations are presented in Table 11-3. Values of pH at 
the SONGS 1 intake ranged from 0.05 units less than, to 0.19 units greater than 
valves at control Station C22S. Values of pH at the SONGS 1 discharge ranged from 
0.08 units less than, to 0.15 units greater than values at control Station 
C22S. Mean pH values at SONGS 2 and 3 preoperational stations ranged from 
0.08 units less than, to 0.12 units greater than values at the control station 
(F22S).  

HEAVY METALS 

The range, mean, and standard deviation of receiving water and ocean bottom 
sediment heavy metals concentrations at each required SONGS 1 sampling station 
are presented in Table 111-4. The same parameters at each required SONGS 2 and 3 
sampling stations are presented in Table 111-5.  

Receiving Waters 

Receiving water copper concentrations at required SONGS 1 stations ranged 
from 0.001 mgil to 0.12 mg/l. Yearly mean receiving water copper concentration at
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the discharge was higher than at the control station (C22S), but lower than the 
yearly mean at Station 04S. The maximum receiving water cooper concentration 
occurred at Station D4S and was about two times greater than the highest concen
tration measured at the SONGS 1 discharge in 1979 (0.066 mg/1).  

Receiving water chromium concentrations at required SONGS 1 stations ranged 
from less than 0.001 mg/l to 0.040 mg/1l. Yearly mean receiving water chromium 
concentration at the control station was approximately three times that at the 
discharge. Maximum concentration occurred at Station C22S and was about five 
times greater than the highest receiving water chromium concentration measured at 
the SONGS 1 discharge in 1979.  

Yearly mean and maximum concentrations of iron in the receiving waters at 
required SONGS 1 stations were both highest at the discharge. Iron concentrations 
ranged from 0.07 mg/l to 1.2 mg/l. The yearly mean receiving water iron concen
tration at the discharge was approximately twice that of other SONGS 1 sampling 
stations. Maximum concentration of iron at the discharge ranged from three to 
four times greater than the maximum concentrations measured at Stations C22S, 
D4N, and D4S.  

Receiving water concentrations of nickel ranged from less than 0.001 mg/l to 
0.048 mg/l. The yearly mean receiving water nickel concentration at the discharge 
was approximately one and one-half times that of other SONGS 1 stations. The 
maximum concentration of nickel at the discharge ranged from two to three times 
greater than the maximum concentrations measured at Stations C22S, D4N, and 
D4S.  

All receiving water titanium concentrations were less than the detectable 
limit (0.1 mg/1l) at SONGS 1 and also at SONGS 2 and 3 sampling stations.  

Yearly mean middepth heavy metals concentrations varied little between SONGS 
2 and 3 stations, with the exception of copper which had a higher yearly mean at 
Station JO. Copper concentrations ranged from 0.001 mg/l to 0.19 mg/1l; the 
maximum concentration was measured at Station JO, and was several times greater 
than concentrations measured at Stations J2S, J4N, J4S, and J22S. Chromium 
concentration ranged from 0.001 mg/1 to 0.011 mg/l; the maximum concentration 
was at Station JO, and was about two times greater than concentrations measured 
at Stations J2S, J4N, J4S, and J22S. Nickel concentrations ranged from 0.001 mg/l 
to 0.026 mg/1l; the maximum concentration was at Station J2S, and Stations JO and 
J4S had similar maximum concentrations.  

Receiving water iron concentrations at required SONGS 2 and 3 stations ranged 
from 0.04 mg/l to 0.35 mg/l. Station yearly mean and maximum iron concentrations 
were about the same at all SONGS 2 and 3 sampling stations.  

Differences in receiving water heavy metals concentrations were observed 
between onshore SONGS 1 stations and offshore SONGS 2 and 3 stations. Yearly mean 
receiving water copper concentrations were usually greater at offshore stations 
than at onshore stations. Yearly mean iron concentrations were usually greater at 
SONGS 1 stations, especially at Station XO. Yearly mean receiving water nickel 
concentrations were usually greater at onshore sampling stations than at offshore 
sampling stations. Receiving water concentrations of other metals showed no 
on-offshore trends.  

Ocean Bottom Sediments 

Sampling station yearly mean and maximum ocean bottom sediment concentrations 
of all sampled heavy metals were greater at the discharge (Station XO) than at
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the control Station C22S, but yearly mean concentrations at the discharge were 
similar to those at Stations D4S and D4N. Sediment texture at the control 
station was much coarser than at other SONGS 1 stations for five of the seven 
oceanographic surveys.  

Offshore at SONGS 2 and 3 stations, the station yearly mean and maximum 
usually were slightly higher at Stations JO and J2S than at other SONGS 2 and 3 
stations.  

The concentrations of ocean bottom sediment heavy metals are related to grain 
size of the sediment. Sediment grain size data are presented in Volume I, Oceano
graphic Data Report (SCE 1980a). Onshore sediments were generally more coarse 
than offshore sediments. Coarse sediments have less surface area per unit volume 
for adsorption of heavy metals than do fine sediments, thus heavy metals concen
trations in coarse sediments should be less if all other variables are equal.  
This relationship between sediment grain size and heavy metals concentrations was 
observed during 1979 in the SONGS study area. Sediments at inshore Stations XO 
and C22S were coarser, and the concentrations of all metals were slightly less 
than at respective offshore Stations JO and J22S. This relationship did not occur 
at inshore Stations D4N and D4S when compared to respective offshore Stations J4N 
and J4S because grain size distributions were similar at those stations.  

NUTRIENTS 

Results of the analyses of surface and bottom nutrient samples from inside 
and adjacent to the three major kelp beds in the general vicinity of San Onofre 
and one offshore station are presented in Volume I, Oceanographic Data Report 
(SCE 1980a). Yearly mean seawater nutrient concentrations for individual kelp bed 
stations ranged from 0.44 ug-at/l to 0.48 ug-at/1 for phosphorus, 1.13 ug-at/l to 
1.78 ug-at/l for nitrate plus nitrite, and 0.41 ug-at/l to 0.61 ug-at/l for 
ammonia. At the offshore station, mean seawater nutrient concentrations were 0.64 
wg-at/l for phosphorous, 3.92 ug-at/l for nitrate plus nitrite, and 0.48 lig-at/1 
for ammonia.  

DISCUSSION 

Water quality parameters measured during bimonthly surveys of 1979 were 
typical of the southern California nearshore marine environment. Dissolved 
oxygen, pH, heavy metals, and nutrient concentrations were measured in the San 
Onofre study area to determine effects of the SONGS 1 discharge on water quality, 
and background conditions prior to operation of SONGS 2 and 3.  

DISSOLVED OXYGEN 

Dissolved oxygen concentrations were not reduced by more than 10 percent due 
to the operation of SONGS 1 and are therefore in compliance with ETS, NPDES, and 
WQCP requirements. A general decrease in dissolved oxygen concentration was 
observed with increasing depth. Higher surface dissolved oxygen concentrations 
are mainly due to gaseous exchange with the atmosphere at the surface. Surface 
waters are generally at or near the oxygen saturation point. Photosynthetic 
activity of marine algae and phytoplankton in the photic zone adds to surface 
dissolved oxygen concentrations. Density stratification also contributes to the 
vertical dissolved oxygen gradient by inhibiting mixing of surface and bottom 
waters.
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The vertical dissolved oxygen gradient at offshore SONGS 2 and 3 sampling 
stations was usually greater than at inshore SONGS 1 sampling stations because of 
greater depth offshore. Surface dissolved oxygen concentrations were not signif
icantly different during bimonthly surveys at offshore SONGS 2 and 3 sampling 
stations. During the last five years of monitoring dissolved oxygen in the 
vicinity of SONGS, concentrations have always been typical of nearshore waters of 
southern California.  

HYDROGEN ION CONCENTRATION 

Surface pH was within the normal range previosuly observed in the vicinity of 
SONGS. Surface pH was not altered by more than 0.2 units due to the operation of 
SONGS 1 and therefore is in compliance with ETS, NPDES, and WQCP requirements.  
There were no spatial variations among required SONGS 2 and 3 sampling stations 
nor between inshore SONGS 1 and offshore SONGS 2 and 3 sampling stations. A 
general decrease in pH with increasing depth has been observed in the SONGS study 
area. This characteristic is typical of waters over the southern California 
Continental Shelf (SWPCB 1959).  

HEAVY METALS 

Heavy metals concentrations in middepth water samples and ocean bottom 
sediments at the four required SONGS 1 have been determined for the past five 
years (1975 through 1979). Results of this heavy metal monitoring are shown 
graphically in Figures III-1 through III-10. No persistent measurable increase in 
sediment concentrations of copper, chromium, iron, or nickel has been.observed 
during the last five years of heavy metal monitoring. No persistent increase in 
receiving water concentrations of copper, chromium, or nickel has been observed 
during the last five years.  

A measurable increase in receiving water iron concentrations has occurred 
during the last five years. This measurable increase was observed throughout the 
SONGS 1 study area, including the control station located 6700 m downcoast of the 
discharge. A measurable increase in receiving water iron concentrations from 
SONGS 2 and 3 preoperational monitoring stations was also observed during 1978 
and 1979. Since this measurable increase has been observed throughout the SONGS 1 
study area, including the control station, and in the SONGS 2 and 3 study area, 
it is not attributed to SONGS 1 operation.  

Middepth receiving water iron concentrations at the discharge station were 
higher than at other stations during 1979. These higher values at the discharge 
station may have been the result of nearby (200 meters away) construction activ
ities for placement of SONGS 2 and 3 intake and discharge lines. Oxidation of 
ferrous metals in the temporary steel construction trestles for SONGS 2 and 3 
intake and discharge lines may have caused higher iron concentrations in the 
water column at the discharge.  

Since there has been no measurable consistent increase in heavy metals 
concentration in both the receiving waters and ocean bottom sediments during the 
past five years, it is anticipated that the heavy metals monitoring for SONGS 1 
will be discontinued in accordance with ETS specification 3.1.1.a.(2).  

NUTRIENTS 

Nutrient concentrations inside and adjacent to the San Mateo, San Onofre, and 
Barn kelp beds varied between surveys of 1979, but yearly mean concentrations 
showed no significant spatial variations between kelp beds. Inorganic phosphor
ous, and nitrogen as nitrate plus nitrite concentrations were from two to three 
times greater at the offshore sampling station than at the kelp beds. Offshore 
ammonia concentrations were about the same as at the kelp beds.
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Inorganic nitrogen concentrations were three times greater than ammonia 
concentrations in and adjacent to the kelp beds. Ammonia is converted into 
inorganic nitrogen (nitrate and nitrite) by bacteria and therefore is expected to 
be less concentrated than the latter two unless there was a large input of 
ammonia into the receiving waters.  

Nutrient concentrations generally increased with depth. Dead organisms sink 
to the bottom where they decompose and add nutrients to the bottom waters.  
Sediments resuspended by currents and waves also release nutrients into bottom 
waters and may have affected nutrient concentrations in the study area. Surface 
nutrient concentrations are often reduced through uptake by marine algae and 
phytoplankton.  

SUMMARY 

1. The operation of SONGS 1 did not depress dissolved oxygen (DO) by more 
than 10 percent, nor did it alter hydrogen ion concentration (pH) by 
more than 0.2 pH units, and thus was in compliance with regulatory 
requirements for DO and pH.  

2. An increase in receiving water iron concentration has been observed 
throughout the SONGS 1 study area, including the control station, from 
1975 to 1979. These changes are attributed to natural variability in 
concentration and not the operation of SONGS 1.  

3. During the past five years, there has been no consistent measurable 
increase in receiving water or ocean bottom sediment heavy metals concen
trations due to SONGS 1 operation. It is therefore anticipated that heavy 
metals sampling for SONGS 1 will be discontinued in accordance with ETS.  

4. Nutrient concentrations at the kelp beds varied between surveys of 1979 
but mean concentrations showed no significant differences between kelp 
beds.  
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CHAPTER 2D 

SEDIMENTOLOGY 

INTRODUCTION 

This chapter describes the marine geological setting of the San Onofre 
Nuclear Generating Station (SONGS) area and summarizes and discusses the results 
of the third year of monitoring marine sediments to determine effects resulting 
from construction and dredging operations associated with placement of offshore 
cooling water conduits and related structures for SONGS Units 2 and 3 (Figure 
1-1). The findings are the result of quarterly sediment investigations conducted 
from February 1979 through December 1979. The sediment monitoring work was 
conducted in conjunction with the biological infaunal studies described in 
Chapters 4A and 5A.  

Environmental studies of San Onofre intertidal and subtidal areas began in 
the fall of 1963 and have continued through the construction and operation of 
Unit 1. The oceanographic and biological consulting firms involved in field 
investigations and data analyses during construction of the San Onofre facility 
include: Bendix Marine Advisers of Solana Beach, California (1963 through 1971); 
Intersea Research Corporation of La Jolla, California (1971 to 1977); Lockheed 
Center for Marine Research, Carlsbad, California (1974 to 1978); and Marine 
Biological Consultants, Inc., Costa Mesa, California (1976 to 1978).  

Previous construction-related studies (LCMR 1974) emphasized the effects of 
cliff excavation and related construction activities on the beach environment.  
Recent investigations (1977-1980) were concerned with the effects of dredging 
operations on both the offshore and beach environments. The purpose of the 
present sediment monitoring is to 1) assess the effects of sand dispersal during 
construction and dredging operations associated with the addition of SONGS Units 
2 and 3 to the existing generating facility, and 2) to provide information on 
physical variables previously identified as being major controllers of the marine 
biology of the site.  

Sedimentological investigations were conducted in both the intertidal and 
subtidal nearshore environments adjacent to SONGS.  

HISTORY OF CONSTRUCTION 

Preparation of the construction site for SONGS Units 2 and 3 was initiated 
on 1 March 1974. The construction site is located adjacent to and southeast of 
SONGS Unit 1.  

Two contiguous trestles were constructed from July through December 1976 
for the installation of intake and discharge conduits of Unit 2. From the 
onshore staging area, the trestles extend approximately 1006 m offshore. After 
the Unit 2 cooling water conduit installation was completed, the trestles were 
removed and installed slightly downcoast for emplacement of cooling water con
duits for SONGS Unit 3. The trestles seaward of the intake structure of Unit 3 
were removed in 1979; the remaining portion of the Unit 3 trestle is scheduled to 
be removed ca. June 1980.
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During site preparation, approximately 1,739,923 m3 of spoil material was 
excavated from the bluff adjacent to SONGS Unit 1 (SCE 1978). Nearly 1,571,725 
m3 of the excavated material was deposited on the beach south of the construc
tion site, while the remaining 168,198 m3 was deposited as a pad behind sheet
pilings. The pad area was utilized as a material and equipment staging area 
during the construction of the offshore conduits. Eventually, the sheet-pilings 
will be removed and the fill material allowed to be distributed by wave action.  

Beginning in March 1977 and continuing through December 1977, approximately 
215,222 m3 of dredge material from conduit installation was placed on the beach 
in front of the offshore wall of the construction laydown pad (SCE, 1978).  
Monthly volumes of sand deposited on the beach ranged from 7,692 m3 in March 
to 63,763 m3 during August (Table 2D-1). In addition to the dredge material 
deposited on the beach, dredge material was used as conduit backfill between 
July 1977 and November 1977 (69,314 m3 ) and between January and December 1978 
(Table 2D-1).  

Dredge activity during 1978 was high in the winter and spring (January to 
May) with displacement averaging over 25,996 m3 /month (SCE 1979), and decreased 
during the summer, fall, and early winter months (June to November) with a 
monthly average displacement of just over 11,469 m3 . Dredge placement activity 
was considerably greater just inside the 6 m and 9 m isobaths (Figure 2D-1.  

Table 213-1. Volume and disposition of disposed 
In 1978 and 1979, dredged mater- sand (i 3 ) 23 March 1977 through 

ial was deposited inshore on the south December1979.  
side of the trestles for the Unit 3 Offshore Conduit/ Beach Littoral 
cooling conduit (Figure 2D-2) in order Month Backfill Placement Placement Zone 
to compensate for interruption of the 1977 
natural sand transport path by the Mar 7,692 
construction laydown pad on the Apr 11,842 
beach. May 9,467 

Jun -12,852 

Jul 7,248 19,603 
A summary of the dredge material Aug - 63,763 

displacement at SONGS during 1977 to Sep 27,597 37,734 
Tabe D- wthOct 12,125 43,142 1979 is presented in Table 2D-1 with9,410 

the quantity, location, and time of Dec - 25,800 
placement shown in Figure 2D-1. 1978 

MARINE GEOLOGICAL SETTING Jan 8,317 
Mar 22,089 

The SONGS site is located on a Apr 42,039 
coastline oriented approximately N55 0W May 29,942 

in a region where waves approach Jul 13,763 
through directional windows between Aug 11,010 

Sep 2,753 6,346 
the California coast and Santa Cata- Oct 7,187 5,368 
lina and San Clemente Islands. Wes- Nov - 8,182 
terly swells are the most frequent Dec 6,117 8,831 
long-period waves to reach the site, 1979 
but contributions come from sea waves Jan 31,856 
approaching the NW to WNW and from sea Feb 22,220 
and swell from the SSE to SW. The wave Mar 27,242 Apr 23,550 
climate in the vicinity of the SONGS May 26,821 
site is shown in Figure 2D-3. These Jun 7,420 9,008 
waves generate a net littoral trans- Jul 8,983 17,832 Aug 40,281 
port toward the SE of about 100,000 Sep 38,357 
yd 3 of sand per year (State of Oct 35,939 
California 1977). Other estimates Nov 20,528 

(DecerDec 8,719 

(Stae ofCaliorni 197) ar9ove
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twice that amount. The sand. moves 0 FEBRUARY MARCH 

through the littoral cells extending 
from Dana Point to La Jolla Submarine 
Canyon (interrupted by jetties at Camp 
Pendleton and Oceanside). These 
relationships are shown in Figure 2D-4 
taken from State of California (1977). 0 APRI MAY JUNE 

The source of sediments within the 
littoral cell are San Juan Creek, San 
Mateo Creek, San Onofre Creek and & 
o t h e r s m a ll s t r e a m s , a nd t h e c l i f f s 0 JULYAUGUSTSEPTEMBER 

and bluffs from Dana Point to San 
Onofre. San Juan Creek has a drainage 5 
area of 116 square miles and has 
delivered about 56,000 yd3 of coarse 
sediment per year to the littoral OCTOBER NOVEMBER DECEMBER 

cell. San Mateo Creek has a drainage 
area of 133 squar miles and delivers 
about 32,000 yd of sediment per 
year. San Onofre Creek has a drainage 
area of about 46 squa e miles and DAYS 
delivers about 5,000 yd" of sediment Figure 2D-3. Daily maximum significant wave 

height each quarter in the vicinity of 
per year. The rock in the bluffs and theSONGSsitefortheyear1979.  
cliffs are soft tertiary marine sand
stones that weather to provide an 

unknown, but probably significant 
amount of sand to the littoral drift.  
The major supply of sand to the 
littoral cell is not uniform or even 
periodic on a yearly basis. The 

RIVERIDE streams debouch their stored bedl 
sof sediment only during floods induced 

oby infrequent severe rainstorms.  

Sediments from the sources are 
M. distributed laterally along the 

Newp f Canyon littoral cell as beach dri ft and 
littoral drift. Wave action in the 

SONT Sit surf zone and shoreward winnows fine 
SONGS SRO 0 FN--material from the sediment, leaving 

n nu gravel fractions in the 

Annual~san sadbpsinnriiladare 

intertidal zone. The suspended fines 
nare carried seaward by rip currents 

N, and tidal ebb flow and probably to a 
LaJionCanyon lesser extent by wind-induced seaward 

currents. The pattern of sediments in 

te the area reflects the effects of these 
0 10 0 30 a Gprocesses. Sand and coarser material 

SCALE(in S..)should occur in the intertidal zone; 
coarsest material is to be found where 

KEY: available wave energy (proportional to 

0Annual sand contriution Natural bantier to the square of the wave height) is a 
() x IZOO cubic yards/yr) longshore transport maximum along the shore. Such places 

0Annual sand bypaaftlng k Artificial barriew are at headlands where refraction 
(X100 ubcyadeyr -0 Submarine canyon concentrates wave energy or downcoast 

115 Lttoral transport IX 10OG cubic yards/yr) of a ba rri er to 1 i tto ral d r i f t 
-.- Dominant longshore currant o 

Figure 2D-4 Rates of longshore transport of sand in where waves expend energy in erosion 
the SONGS area (State of California rather than in maintai ning suspended 
1977). or tractive transport.
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Because of the turbulent energy at the point where waves break, the coarsest 
offshore material is found there. The coarsest sediments on the beach occur on 
the winter berm because only the highest waves of the season can reach the berm 
elevation and deposit sediment.  

Seaward of the surf zone, deposition of finer material (fine sand, silt, 
and under particularly quiescent conditions, floculated clays) occurs during the 
summer season. Seaward of about 10 m, only the finest material delivered by 
streams is deposited.  

A seasonal shift in the offshore transfer of sediment occurs in response 
to the changes in waves from summer (long low swell) to winter (short, high storm 
waves). Winter storm waves tend to remove material from the littoral zone and 
deposit it just seaward. Summer swell, able to move sediment particles in deeper 
water, gradually move the material shoreward. Such seasonal changes are usually 
restricted to water depths less than 10 m. The entire process is complicated by 
the natural irregularity of the coastline and bathymetric contours, and by 
the variability of the wave climate. Also, the transport of suspended material 
can be in a direction opposite to that of tractive transport (transport by 
rolling, sliding, or bouncing along the bottom) at various points normal to the 
coast under certain wave conditions (Komar 1976).  

The onshore-offshore patterns of sediment movement caused by waves leads 
to a fractionation of sizes in the sediment. Coarse material is transported 
shoreward tractively at rates proportional to their grain size, while fine 
material is carried seaward in suspension. The general sediment pattern is 
expected to conform to the effects such a fractionation of sizes.  

The actual pattern of sediments in the intertidal and subtidal zones 
is a time-dependent result of all the processes described above. Variability in 
sediment supply and in wave energy can be expected to produce patchiness in the 
pattern of sediments at SONGS. The littoral drift at the site is among the lowest 
estimated for littoral cells in California (it is 1/10 of the maximum observed at 
Oxnard in Ventura County according to U.S. Army CERC 1973). This coupled with the 
fact that the coastline is emergent, as indicated by several elevated ancient 
strand (beach) lines onshore between Carlsbad and Cardiff-by-the Sea (State of 
California 1960), suggests that a thick layer of recent marine sediments (sands 
and silts) cannot be expected in the SONGS area. Indeed, the areas of cobbles 
observed offshore and mapped by the side-scan sonar technique, probably represent 
a substrate of extremely coarse material that is not completely buried by the 
modern sediment cover.  

With an understanding of the expected natural pattern of sediments in the 
SONGS area, the kinds of changes expected to be induced by construction of SONGS 
Units 2 and 3 can be deduced. They are of several kinds: 

1. Impediment or diversion of littoral drift by beach structures. The 
construction of a laydown pad bulkhead on the beach causes a groin effect that 
retards littoral drift. Sand accumulates upcoast (NW) and tends to be eroded 
downcoast (SE). The tendency reverses temporarily during the arrival of southerly 
waves. As a new equilibrium is approached (i.e. as the groin fills) the local 
beach strand should shift seaward. The lower intertidal region off the bulkhead 
can be expected to be one of sand accumulation.  

2. Bathymetric changes caused by underwater excavation and dumping of 
dredge spoil. Expected changes would derive from the redirection of bottom 
currents and the alteration of wave refraction patterns. Such effects should be 
extremely local. Positive bathymetric changes should induce local scouring and
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removal of fine fractions from sediments; negative changes would act as sediment 
traps that should accumulate fines from suspension and sediments moving by 
traction.  

3. Dislocation of sediment facies. Sediment dislocated by dredging opera
tions would not be at equilibrium with the local hydraulic regime if material is 
placed at a depth different from that where it was removed. In the case where 
subtidal sediment is deposited on the beach, the effect would be temporary 
because of vigorous reworking by breaking waves there. In the reverse case, 
coarser facies would remain intact and only gradually be covered by finer 
sediments.  

4. Changes in natural sediment supply. Installation of bulkheads, retaining 
walls, parking areas, and structures tends to inhibit the erosion of bluffs at 
the site. The effect is minor as relatively small amounts of sediment are intro
duced to the littoral zone from the SONGS site. However, denudation of cliffs by 
removal of vegetation during earthmoving operations connected with construction 
can accelerate erosion by winter rains and thereby increase the supply of sedi
ment from the cliffs and bluffs. In either case, the effects of changed sediment 
supply would be noticed downcoast from the construction site, if at all. In all 
cases, short-term changes in the pattern of sediments should be difficult to 
perceive because of the natural variability of the environment. Long-term 
changes might be discernable by examining the patterns developed from extended 
observation of the environment.  

MATERIALS AND METHODS 

Sediment characteristics of the intertidal and subtidal areas adjacent to 
SONGS were sampled during four quarterly surveys from February through December 
1979 (Appendix IV).  

Thirty-five intertidal sampling stations along 5 transects and 18 subtidal 
stations along 6 transects were established (Figure 2D-2). Sampling was initiated 
in December 1976, four months prior to commencement of dredging, and continued 
quarterly through December, 1979. The results, analysis, and interpretations 
presented herein are based on data collected during quarterly surveys conducted 
in 1979. The results of prior sediment studies were presented in a 1978 and 1979 
annual report (MBC 1978, SCE 1979).  

Because intertidal and subtidal environments at San Onofre were distinctly 
different, with easily distinguishable abiotic and biotic characteristics, 
the sedimentology of the two environments was analyzed separately.  

INTERTIDAL SEDIMENTS 

Measurement of the beach profile, collection of samples for sediment grain 
size analysis, and sampling of the intertidal biota was conducted along five 
permanently established transects and perpendicular to the shoreline (Figure 
2D-2). Transects were located with respect to a reference transect situated 
midway between the cooling water conduits of Units 2 and 3. Sample size, repli
cation, and spacing were determined from the results of experiments designed 
to measure loss of information limits for a minimal sampling pattern.  

Estimates of wave period, height, and direction as well as water tempera
tures were recorded at each transect.
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Beach Profiles 

Prior to the initiation of intertidal surveys, the +8 ft tidal elevation 
(from MLLW) at each transect was located by surveying from permanent reference 
marks of known elevation.  

During each quarterly survey, beach profiles were measured at each of 
the transects. The profiles were made using a surveyor's self-leveling level.  
Profiles were determined using pre-established reference marks located at each 
transect, and were surveyed in from the reference mark to MLLW. Sampling sites 
were established at 1 ft elevation intervals from +6 ft to MLLW.  

Along each transect, core samples for sediment grain size analysis were 
collected at 0, +1 (0.3 m), +2 (0.6 m), +3 (0.9 m), +4 (1.2 m), +5 (1.5 m), and 
+6 ft (1.8 m) tidal elevations (MLLW). Five replicate samples were taken at 
each intertidal level at each of the five beach transects. Sediment cores were 
collected to a depth of 30 cm except when cobble prevented core penetration.  
Material for the analysis was removed from the entire length of the core.  

Grain Size Analysis 

Grain size distributions of each sample were determined by using a settling 
tube similar to that described by Gibbs (1974). The device uses a differential 
transformer to sense the load exerted by sediment as it settles and accumulates 
in a pan near the base of the settling column. The strip chart output from 
the load sensor was converted to a cumulative frequency plot of the sizes 
of the particles constituting the samples. Sizes were reported in phi units 
(phi = -log 2 diameter in millimeters). A list of size measures is presented in 
Appendix IV.  

Grain size data was converted to the cumulative frequency of the occur
rence of grain size classes. Statistical parameters (mean grain size, sorting, 
skewness, and kurtosis) of each grain size distribution was extracted using 
moment measures (Krumbein and Pettijohn 1938, Sharp and Fan 1973).  

SUBTIDAL SEDIMENTS 

Samples for sediment characterization and determination of sedimentation 
rates were collected during biological infauna surveys by divers using SCUBA 
equipment. During each survey, permanent stations at the 6, 9, and 15 m isobaths 
along each of six transects were occupied (Figure 2D-2). Three transects were 
located upcoast and three downcoast at prescribed distances from a reference 
transect running midway between the cooling water conduits of SONGS Units 2 and 
3. Three replicate samples were collected at 6 m isobath stations; four replicate 
samples were taken at the 9 and 15 m isobath stations.  

Each sample consisted of a single core (minimum penetration depth 10 cm) 
Cores were collected adjacent to the area of biological sampling.  

Grain Size Analysis 

The sand and gravel grain size distributions of each replicate sample were 
determined as described for the intertidal sediment samples. The silt-clay 
distribution was determined by a hydrometer method based on the settling rates of 
different sized particles and fluid density (ASTM, 0422 1963).
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Sedimentation Analysis 

At each station, a sediment trap for determining deposition rates of sus
pended sediments was attached to a monument as shown in Figure 20-5.  

The sediment traps used in the 
study were made from thin-wall ABS 
plastic pipe 52 cm long and with a 
diameter of 10.6 cm. A funnel recessed 
4.5 cm below the top of the trap with 
a 3.0 cm opening at its bottom was 
installed to inhibit resuspension and 
subsequent loss of sediments during 
the collection period. Weaver (1978) 
has shown that resuspension of trapped 
sediments is avoided if the tube 
length exceeds 4 times its diameter. A 
clear plastic liner in which the 
sediments were collected was fitted 
inside the trap housing. Quarterly, 
the height of the trap above the 
bottom was measured. The height of the 
traps above the bottom was used to 
estimate the change in elevation of 
the sea bed. The plastic liner and 
container contents were removed, 
and returned to the laboratory for 
analysis. The amount of sediment 
collected in each chamber was measured 
and reported as gm (dry wt)/m2 /time 
interval.  

Organic Carbon Analysis 

The organic carbon content of the 
sediments was measured to determine 
the amount of organic nutrients 
available to infaunal species. Samples 
for organic carbon analysis were 
collected from the sediments adjacent 
to each biological sampling station 
and frozen in the field. Three repli
cate samples were collected at the 6 m 
isobath stations; 8 replicates were Figure 2D-5. Subtidal sediment trap and monument 
taken at the 9 and 15 m isobath construction.  
stations. A total of 114 samples were 
taken each quarter. Samples were subsequently analyzed with a LECO semi-automatic 
gasometric carbon analyzer according to the procedures described in Kolpack and 
Bell (1968). The organic fraction of the total carbon content was determined by 
subtracting the inorganic C-CO 3 value. Results are expressed as percent dry 
weight.  

DATA PRESENTATION 

Raw grain size analysis data, physical measurement data, and organic carbon 
analysis data are included in Volume 1. Oceanographic Data (SCE 1980).
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ANALYSIS RATIONALE 

To detect and evaluate the effects of construction for Units 2 and 3 on 
intertidal and subtidal sediments at SONGS, it is necessary to first identify the 
natural state of the sediments there, then seek evidence of anomalous sediment 
conditions attributable to construction effects. Both the natural state and 
construction-induced perturbations of the sediment environment are dynamic in 
nature. They reflect the influence of the energy of water motion upon the supply, 
transportation, and deposition of sedimentary materials. It is important to 
employ descriptive sediment measures that reflect the dynamics of sedimentation 
so that the processes active in the environment are characterized.  

The measures chosen were the sediment grain size population statistics found 
in a sediment sample. The premise was that a discrete size distribution function 
describes the aggregation of detrital sediment particles from its origin during 
erosion of rocks, during transport, and at rest in a sedimentary deposit. The 
conventional distribution function used in sedimentology is the log-normal model.  
As used, it is a two-parameter function (characterized by mean and variance), but 
actually it is a particular member of the general Weibull distribution, a three
parameter function commonly used to describe the products of comminution. As an 
aggregation of sediment particles is acted upon dynamically by agents of tran
sport (fluviatile, aeolian, and marine), the aggregate's distribution function 
changes. The statistical parameters that define the function reflect those 
changes in ways that permit interpreting the sedimentological processes active in 
the environment. The parameters are: 

1. Mean Grain Size. This statistic summarized the power available to move 
sediment particles to and through the environment.  

2. Coarse Fraction Percentage. The coarsest material in the sediment 
reflects the maximum transportive or erosive energy affecting the environment.  
This measure was important because the most rapid sediment erosion transport 
occurred during storm wave events. The coarse fraction thus provided a signifi
cant estimate of the vigorousness of the wave climate in the littoral zone.  

3. Sorting. This is a measure of the standard deviation of the particle 
aggregation which reflects the combined effects of variability in the sizes of 
sedimentary material supplied to the environment and of the variability in the 
energy transport. Highly turbulent flow in river flood water and in breaking 
storm waves leads to poor sorting (high variability), while oscillatory motion 
during periods of regular swell produces a well-sorted sediment.  

4. Skewness. This measure of the assymetry of the sediment size distribu
tion reveals the presence or absence of extremely fine or coarse particles and 
indicates an admixture of atypical materials to the sediment or an atypical 
removal of extreme-sized grains. Skewness indicates selective processes operating 
in the sedimentary environment by comparing the degree of sorting of coarse 
materials to that of the fine fraction.  

5. Kurtosis. This measure of the peakedness of the size distribution 
compares the degree of sorting of the central sizes to that of the extremes.  
Normal distribution curves have a kurtosis value of Kg = 1.00. Platykurtotic 
curves, Kg < 1.00, suggest the incomplete fusion of two or more distinctly 
different sediment types. Values of Kg > 1.00 are leptokurtotic and thus indicate 
the relative absence of size extremes resulting from selectivity in transport and 
reworking of sediment deposits.
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Sediments occurring in the intertidal and subtidal zones have been subjected 
to several cycles of transport and deposition and have moved as tractive bedload, 
in suspension or both. These cycles tend to segregate sediment types within 
the littoral zone, while at the same time integrating the effects of extreme 
variability in the energy affecting the environment. As a consequence, marine 
sediments tend to occur in facies, each of which is characterized by a particular 
ensemble of values for the statistical properties of the size distribution. The 
objectives of the sedimentology study were addressed by examining naturally
occurring facies at the SONGS site to allow recognition of anomalous sediment 
conditions caused by construction activities.  

The examination of the ensembles of statistical parameter values extracted 
for each sediment sample was facilitated by two techniques: correspondence factor 
analysis and agglomerative hierarchical classification (cluster analysis). These 
analyses were performed using a digital computer programmed with the Ecological 
Analysis Package of Smith (1977).  

Correspondence Analysis 

Correspondence analysis, a type of factor analysis (David et al. 1974, 
Hill 1974, Melguen 1974), was employed to: 1) delineate the grain size associ
ations (as defined by the percent weight in whole phi size fractions) that 
subsequently define the important grain size populations, and 2) show spatial 
patterns in the samples (stations) with respect to the grain size populations.  

The analysis defines a theoretical variable and station space which most 
efficiently summarizes associations among the stations and variables. Each 
station and each variable is represented by a point; the position of each point 
in each dimension (and consequently its position in the entire space) is depen
dent on the variable and station values.  

The relative association between the variables and stations is proportional 
to the distance between them in the space. The space can be viewed from differ
ent directions. The "view" of the space is expressed as an "axis" or "factor", 
which is a line set perpendicular to the "view", and onto which each variable 
and station point is perpendicularly projected. Plots of these point projec
tions (called scores), and station associations are examined for environmental 
relationships.  

The number of environmental mechanisms detected may correspond to the number 
of views or factors extracted from the analysis. The first factor accounts for 
the largest share of measured variation in the sediment variables with subsequent 
factors accounting for progessively lesser amounts of the remaining variation.  
A hierarchy can be developed for the factor and thus importance of the environ
mental mechanism. The first factor identifies the most important mechanism 
while the remaining factors identify those of progressively lesser importance.  
However, depending on the complexity of the environment, more than one mechanism 
may be indicated by a single factor.  

Interpretative information is extracted by plotting the scores of the 
two most important factors on orthogonal axes. Stations tend to form groups; 
sediments at those stations are interpreted to be the result of the same environ
mental process. Sediment variables plot such that their proximity to one another 
indicates correlation between them, and their proximity to station groups 
indicates the sediment variables that characterize the facies to which the 
station group belongs. The definition of such relationships is refined by 
considering subgroupings revealed by plotting scores of factors having subsidiary 
importance (those that account for lesser amounts of variance in the data). The
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net result of the correspondence analysis is the identification of the sedimen
tological processes active in the environment and the distribution of the 
sediment samples affected by those processes.  

Classification Analysis 

Agglomerative hierarchical classification analysis was applied to the 
sediment textural data collected at subtidal stations to determine natural 
station groupings. The analysis classified the stations (entities) by the 
first two sets of factor scores (attributes) derived from correspondence analysis 
(Smith, personal communication). The Euclidean distance similarity measure was 
employed as described by Clifford and Stephenson (1975). Dendrograms were con
structed utilizing the "flexible" sorting strategy ( 8 = 0.25) of Lance and 
Williams (1966).  

This analysis provides a verification of the segregation of stations into 
distinct facies groups. Secondarily, the classification analysis of sediment 
variable data yields an estimate of redundancy in the choice of sediment statis
tic variables by identifying those variables with consistently high similarity 
with each other.  

RESULTS 

The results of the measurements and analyses of the geomorphic and sedi
mentological properties of the SONGS intertidal and subtidal zones ,are presented 
with particular regard to those features that indicate: 1) natural conditions and 
2) effects of construction.  

THE INTERTIDAL ZONE 

Beach Profiles 

One intertidal transect (AA) was located about 1187 m upcoast (NW) of the 
SONGS site and one (BB) was located just upcoast of the site. Three transects 
(CC, DO, and EE) were located downcoast (SE) of the site at distances of 236 
m, 629 m, and 1187 m (Figure 20-1). Topographic profiles were measured at each 
transect in each quarter of 1979. Data obtained from beach profile measurements 
are presented in Table 2D-2. The profiles were plotted (Figure 2D-6) to show the 
changes in beach morphology during successive measurements.  

Table 2D-2. Beach characteristics.  
Beach Upper Beach Slope Lower Beach Slope Beach Upper Beach Slope Lower Beach Slope 

Profile Width Cotangent Cotangent Profile Width Cotangent Cotangent 
Area (m2) (m) of Slope Degrees of Slope Degrees Area (m2 ) (m) of Slope Degrees of Slope Degrees 

Transect AA Transect DD 

Feb -* - - - 1.9 27.8 - - - - 1.3 37.6 

May 269.2 75.0 36.4 1.6 9.1 6.3 343.3 116.0 7.4 7.7 20.4 2.8 
Aug 260.8 95.0 18.9 3.0 15.1 3.8 236.9 77.0 8.1 7.0 11.3 5.1 
Nov 277.2 106.0 26.6 2.2 14.9 3.8 298.0 106.0 8.6 6.6 17.2 3.3 

Transect BB Transect EE 

Feb - - - - 2.7 20.3 - - -31.4 -1.8 1.5 33.7 
May 481.6 142.0 97.4 0.6 13.9 4.1 173.3 59.0 -31.4 -1.8 9.1 6.3 
Aug 492.9 139.0 148.1 0.4 11.6 4.9 203.7 75.0 -263.7 -0.2 10.6 5.4 
Nov 503.8 140.0 102.9 0.6 16.9 3.4 185.5 58.0 -40.9 -1.4 7.2 7.9 

Transect CC 

Feb - - - - 1.9 27.8 

May 294.8 85.0 10.9 5.2 10.0 5.7 
Aug 407.2 138.0 17.4 3.3 16.2 3.5 
Nov 229.8 77.4 9.7 5.9 15.0 3.8 

*not measured
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The profiles show that the least change from beach erosion or accretion 
occurred at Transects (AA and EE) most distant from the SONGS site. The most 
changes occurred at Transect CC just downcoast of the site. Considerable changes 
occurred also at Transect DD, 629 m downcoast of the site.  

Substantial accretion occurred at upcoast transects (AA and BB) over the 
first half of 1979; accretion at Transect BB was about 3 times that at Transect 
AA. Little change occurred at either transect in the last half of 1979.  

During the first half of 1979, net erosion occurred at Transect CC, par
ticularly below 3 m (MLLW) and above 5 m (MLLW). Accretion prevailed during the 
third quarter of 1979 and erosion resumed during the last quarter. It is note
worthy that only at Transect CC did appreciable erosion occur at upper eleva
tions (>5 m) on the beach. Elsewhere, the upper beach (backshore) was character
ized by little or no change; this was especially marked at Transect BB. The 
tendency for erosion and accretion at Transect CC was just the opposite of that 
at Transect DD.  

Substantial accretion in the first half of 1979 was virtually removed 
by August and only partially re-accreted in the last quarter of 1979.  

Changes at Transect EE were minor. Erosion of the beach face in the first 
half of 1979 was followed by accretion in the third quarter. The erosion of the 
beach face resumed in the last quarter of 1979.  

The slopes of the foreshore and of the backshore at each transect remained 
remarkably constant throughout the year despite erosion and accretion. The only 
exception occurred at Transect DD where the foreshore slope steepened in August 
and remained so in December.  

A comparison of quarterly profiles emphasized seasonal changes in beach 
morphology; to obtain information on long-term trends of shoreline transgres
sion or regression, yearly profiles measured at similar times of the year 
must be compared. An appropriate comparison should be made on profiles measured 
after winter storms have eroded the beach and before summer waves have caused 
appreciable restoration. Alternatively, profiles measured after summer accre
tion is complete but before winter erosion commences also would be suitable.  
However, only the November 1978 and December 1979 profiles span the year, 
so they were used for the purposes of examining the yearly change in the beaches 
(Figure 2D-7).  

Profiles upcoast of the construction pad were marked by accretion during 
1979. The beach at Transect AA transgressed about 27 m at MLLW and about 6 m at 
the mid-level of the beach face. The beach at Transect BB advanced about 25 m at 
MLLW and about 33 m at mid-level of the beach face. This represented the maximum 
net accretion observed in 1979. The broad backshore at Transect BB showed little 
net change.  

Shoreline regression was substantial at Transect CC. The shore eroded 30 m 
at MLLW and 27 m at mid-level of the beach face. The high backshore at Transect 
CC disappeared during 1979. Approximately 15 m x 15 m of beach cross-section was 
removed. A small amount of accretion (1.5 m x 18 m) occurred near the berm. The 
shoreline at Transect DD advanced 39 m at MLLW and 18 m at mid-level of the beach 
face. Net accretion was measured along the entire profile but to a lesser extent 
at the upper half of the beach. The net change in the shoreline was slight at 
Transect EE. Regression of about 6 m affected the entire beach face; little net 
change occurred at the backshore.
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Summarizing the changes for the year at the site, the shore advanced upcoast 
(especially immediately upcoast) of the construction pad and retreated slightly 
at Transect EE. The beach retreated just downcoast of the pad. Considerable 
advance occurred at Transect DD, 629 m downcoast of the construction pad. These 
net changes were interpreted as the effects of a groin-like interruption of the 
natural southerly beach drift past the site. Sand was impounded upcoast of the 
construction pad forming a broad backshore; erosion downcoast caused fluctuation 
in the position of the shoreline. A slight net regression downcoast of the site 
probably was related to the interruption of the beach drift also.  

Pertinent changes in beach profile area (Figure 2D-8) included: 

1. Profiles farthest from the SONGS site (Transects AA and EE) showed 
relatively little change in area from November 1978 to December 1979.  

2. Profiles just downcoast from the site (Transects CC and DD) showed 
considerable variation in area during the year.  

3. The profile just upcoast of the site showed the least change in area 
from May to December 1979; the change from November 1978 to December 1979 
suggests that the area increased asymptotically toward a maximum. The maximum 
area of this profile is almost twice that of the average area of the other 
profiles.  

Beach slopes (Table 2D-2) changed little during the year at the upper part 
of the beach (bern and landward), which were nearly flat at transects farthest 
from the SONGS site (Transects AA and EE) and at the transect just upcoast of the 
site (BB). Upper slopes at downcoast transects (CC and DD) sloped gently (50 and 
70, respectively) seaward.  

The lower beach slopes (seaward of the berm) showed a dramatic change from 
February 1979 when they were quite steep at all transects to May 1979 when the 
slopes at all transects became gentle (3 to 60) and remained so for the rest of 
the year. The lower slope at the transect farthest downcoast (EE) steepened to 
nearly 80 in December 1979. 600 

Beach Sediment Characteristics 

The statistical parameters e 
calculated from grain size analyses of 
the intertidal sediment samples were 
plotted (Figures 2D-9 through 2D-13). 9 

LU 
The mean grain size of all replicates 
at each transect (elevations from 0 to 300- D 

+6 ft MLLW) are shown in Figure 2D-9. AA 

Transect BB sediments showed the least Z 
change over the year, while Transect 
AA exhibited the most change. In 2 ... .... f0EE 

general, variation in mean grain size 
was less at upper elevations (+4 to +6 0 
ft) than at lower elevations (0 to +3 NO FEB MAY AUG DEC 

ft), that were situated in the zone of SUVE MONTH 
active wave swash and backwash over Figure D nNT 

half the time (mean tide level is 2.7 ae 
ft above MLLW). The upper elevations 
were reached by waves only during high tides or times of high waves (usually 
the winter), so it was expected that less change would be noted. A tendency
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3 for coarser mean grain sizes at high 
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particularly at Transect AA in February and May. In all other cases the trend in 

skewness was from an excess of coarse material (winnowing) at lower elevations to 

symmetry (neither fines nor coarse fractions in excess) at higher elevations.  
This was consonant with removal of fines by wave action at the strand and depo
sition of suspended load at the upper reaches of the swash zone.  

The kurtosis values (Figure 2D-13) reflected the trends identified by the 
statistical parameters. Transect BB showed the least variation in kurtosis and 

Transect AA the most (especially in February to May). Kurtosis tended to vary 
with elevation on Transects CC, DD, and EE such that the sediments at low ele

vations were symmetrical to peaked (deficient in both fines and coarse extremes) 
and sediments at high elevations were excessive in both coarse and fine extremes.  

This also corresponded to the effects of winnowing at the strand and indiscri
minant deposition of all suspended load toward the berm. The sediments along 
Transect BB showed no such trend; they were characterized by excess extreme sizes 

all year. No distinct trend in kurtosis was evident at Transect AA.  

The several statistical parameters just discussed were examined collec
tively in the results of cluster analysis and correspondence analysis. The 

variations and trends in the individual parameters are combined to separate 

groups of samples that responded similarly to the littoral process measured 
indirectly by each parameter. Cluster analysis of sediment variables showed that 

beach width and beach profile area were redundant. Subdivision of pebble sizes 
tended to be redundant also (Figure 20-14). In the future, it should suffice to 
class all material coarser than -2 phi as one size and to eliminate beach width 
measurements.  

February Intertidal Sediments. Two individual samples, A2 and AS, and three 

groups of samples were identified by comparing gravel content versus the ratio of 
fine sand content to coarse sand content (Figure 20-15). Samples A2 and A5 were 

polymodal and contained pebbles as large as 32 mm (1-1/4") in diameter. They also 
contained appreciable quantities of fine sand. The lowest (0 elevation) sample of 

each transect formed a group distinguished by its fine sand content. This group 

represented a facies (I) of sediments present in the zone of active wave action.  
The remainder of the samples on Transect AA formed a separate group (Facies II) 
on the factor plot. This group was characterized by an excess of coarse materials 

as shown in the Facies II histogram. Examination of this group using a third 
factor axis representing the relative proportions of coarse pebbles versus 

granules (i.e. gradation in the coarsest sizes in the sediment) revealed that the 

sediments at Transect AA were richest in granule sizes at elevations +1 and +6, 
and less rich at elevations +3 and +4.  

The rest of the transect samples for a third group (Facies III) were charac

terized by their medium sand and coarse sand content. Projection on the third 
factor axis separates the group into four subgroups: Facies IIIa was comprised of 
Transect BB sediments which were rich in coarse pebbles and of intermediate 
elevation sediments at Transect CC which were rich in granule sizes. Facies IIIb 

was separated into sediments from the upper elevations of Transect DD and into a 

subgroup of sediments at +2 and +3 ft elevation on Transects BB and DD plus +4 
and +6 ft elevation on Transect EE. Such refined subgroupings were not considered 

of major significance. The salient features of the February intertidal sediment 
assemblage were: 1) the distinction of Transect AA sediments as differing from 
all other sediments and 2) the existence of a fine facies in the zone of active 
wave action.  

May Intertidal Sediments. Cluster analysis and correspondence factor 

analysis indicated the existence of five groups of sediment facies in the May 
assemblage (Figure 2D-15). All sediments from Transect AA, except those at the
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two highest elevations, were included in two groups characterized by their 
pebble-sized components. The histograms of these two groups (Facies IV and V) 
resembled those of the same facies in the February assemblage, and suggested that 
the processes responsible for these facies persisted until May. The fine sand 
facies existed as two groups (I and II) that included sediments from the lower
most elevations of Transects BB, CC, and EE. The low-elevation sediments at 
Transect DD were found in a coarse to very coarse facies (IIIb), as discriminated 
by a third factor which compared the relative proportions of medium sand versus 
granules in the sediment. The remaining samples were grouped in Facies III, which 
was characterized by its content of coarse to very coarse sand content. This 
facies probably represented the modal beach sand found in May.  

August Intertidal Sediments. Cluster analysis and correspondence analysis 
grouped the August assemblage of sediment samples into facies similar to those of 
previous quarters (Figure 20-15). The fine sand facies (I) included the 0 and +1 
ft elevation samples of Transects AA and EE. Two granule facies (IV and V) 
similar to the pebble facies of May and February were indicated. One (IV) 
included sediments from the lowest four elevations on Transect CC, and the other 
included all of Transect BB sediments and the rest of Transect CC sediments.  
Examination of facies (IV) on a third factor axis, based on the relative amounts 
of very coarse sand versus medium sand, separated upper elevation Transect CC 
(coarser) sediments from upper elevation Transect BB sediments (less coarse).  
Lower elevation (0, +1, and +2 ft), Transect BB sediments, were intermediate.  

The sediments of Transect DO and the sediments at the upper two (+5 and +6 
ft) elevations on Transect EE, formed a separate facies (III) discriminated 
by the coarse sand content. The remainder of the sediments from Transects AA and 
EE formed a separate facies (II) characterized by its medium sand content. Facies 
II and III were probably representative of modal beach sand for August. A single 
sample, the lowest from Transect DD was distinct from any of the facies, and 
the histogram showed a marked excess of coarse sand. This sediment possibly 
represented dredged material placed in the nearshore area during June and July 
(see Table 20-1).  

December Intertidal Sediments. The facies developed by cluster analysis and 
correspondence analysis of the December intertidal sediment assemblage were shown 
on Figure 20-15. The sediments of Transect CC were contained in two facies (IV 
and V) which are distinct from other facies on the basis of the beach width 
parameter versus the beach profile area. The two facies were separated from 
each other on the basis of grain size. Sediments from the lower two elevations 
of Transect CC contained in Facies IV were finer grained than Transect CC sedi
ments which occured in Facies V.  

The fine sand facies (I) contained the sediment at the lowest elevation of 
Transect EE and the sediment from the lower four elevations of Transect AA. The 
coarse sand facies (III) contained sediments from elevations +2 to +6 at Tran
sects BB, DD, and EE. Examination of a third factor based on sorting separated 
Facies III into three subfacies, one for each transect, with sorting increasing 
in the order BB to DD to EE. Facies II contained the sediments from the lower two 
elevations of Transects BB and DD, from elevation +1 on Transect EE, and from 
elevations +4 and +6 on Transect AA. The facies appeared to be an intermediate 
between Facies I and III, and distinguished by its degree of sorting.  

Recapitulation of Intertidal Sedimentology and Discussion. The various 
analyses of the intertidal sediment statistics has established the existence of 
five major sediment facies. They were: 

Facies I: A fine sand facies usually found at low elevations on the tran
sect. It included those sediments that were actively worked by waves.
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Facies II: A facies characterized by its coarse sand content the first 
half of the year and by sorting in the last two quarters of the year.  
The facies showed affinities with Facies I and III and was probably 
transitional between them.  

Facies III: A coarse sand facies characterized by the presence of pebble and 
granule sizes in the first half of the year and by coarse to very 
coarse sand the last half of the year.  

Facies IV: A granule facies characterized by polymodality in the first 
half of the year, but was unimodal with excess granules and very 
coarse sand in the last half of the year.  

A single sample, from elevation 0 on Transect DD in August, appeared 
anomalous. It belonged to a coarse sand facies that was not represented elsewhere 
in the intertidal sediments, and might represent material introduced by dredging.  

The distribution of the facies was shown schematically on Figure 2D-16. The 
pattern of distribution was a background of coarse beach sand (Facies III) 
against which appeared finer sands (Facies I and II) and gravels (Facies IV and 
V). The distribution pattern changed with time. In February, fine sands were 
confined to the active wave zone low on the beach and the coarsest material was 
observed at the upcoast transect (AA). In May, the upcoast transect (AA) still 
had the coarsest material; it occurred farther downcoast in the successive 
two quarters being replaced by finer material (Facies II) upcoast. The finer 
material showed the effects of blending of facies through the year. Facies II 
appeared to be gradational between the 
fine sands of the active wave zone and TRANSECT 
the coarser material (higher on the AA B CCD EE 

beach) that was the product of working I I FEBRUARY 
by more vigorous (higher) waves of the 6
previous winter. 5 .  

The pattern of intertidal sedi
ments was interpreted as being charac- o 
teristic of natural beach processes.  
The sediments reflected the seasonal 
change in the wave climate and the 95

downcoast progression of sediment 3 .  

types in response to littoral and 2 

beach drift. Coarse material that 
appeared at the upcoast transect 
early in the year was observed to be 6.  
sorted and redistributed downcoast @ 5 

during the rest of the year. .* 

1 - .. .. :-': :: * , I .  Only two effects associated with 
construction at the SONGS site were 
evident: DE 

1. The extremely small variation 4 

of sediment statistics at Transect BB, 
upcoast of the SONGS 2 and 3 construc
tion pad, were attributed to the groin 
effect of the pad. The sediment at KEY: 
Transect BB was impounded by the pad Sand 

and was not subject to the free Figure 2D316 Schematic illustration of intertidal 
littoral transport that occured sedimentfaciesdistributions.  
elsewhere near the site.
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2. The occurrence of the anomalous sediment at the lowest elevation on 

Transect DD in August might have represented the result of dredging activity in 
June and July. This sediment was not observed again, indicating that it was 

reworked by waves and converted to a sediment more in equilibrium with the 

existing beach environment.  

THE SUBTIDAL ZONE 

Sedimentation Rates and Changes in Sea Floor Elevations 

The weight of sediment accumulated in the sediment traps each month was 
converted to monthly sedimentation rates and are presented as the uppermost of 

the pair of curves in Figure 20-17. The lower curves in Figure 2D-17 are the 
elevations of the seafloor measured with reference to a fixed elevation on 
each trap.  

The sedimentation rate was generally maximal and most variable at inshore (6 

m) stations and minimal and least variable at offshore (15 m) stations. Inter
mediate stations (9 m) had intermediate rates.  

The pair of curves were related by expressing the sedimentation rate in 
terms of an equivalent amount of monthly sedimentation. Using 2.5 as the density 
of dry sediment, 1 cm/month of sediment accumulation was equivalent to 833 
g/m2 /day of sedimentation. The equivalent accumulation scale was shown on the 

right of the upper curve for each pair on Figure 2D-17. The changes in sea floor 
elevation (shown numerically on the lower curves in Figure 2D-17) were often 

greater than those indicated by the sedimentation in traps a meter or so above 

the sea floor, indicating that the changes in the elevation of the sea floor, 
both erosion and accretion, were caused by material moved laterally at the 
bottom, presumably by the tractive effect of passing waves.  

The net change in sea floor elevations is shown in Table 2D-3. The apparent 
overall effect of erosion was probably an artifact caused by comparing changes 
from January to December. Early winter storms (one occurred early December 1978) 
would have caused accretion that would be moved shoreward during the year, giving 
the appearance of the gradual and net erosive tendency shown by many of the 
curves in Figure 20-17.  

The occurrence of high (>5 ft) waves at the site is shown in Figure 2D-17.  
No obvious correlation between storm waves and sedimentation rate or change in 
sea floor elevation was detected. Several epochs of high sedimentation were 
observed, but no pattern of occurrence was suggested. Apparently sedimentation 
rates were related to factors that were not measured such as occurrence and 
location of rip currents on the beach or stream runoff rates. Also, the lack of 
grain size data on material retrieved from sediment traps prevented examining 
possible modes of transport of the trapped sediments.  

Subtidal Sediments 

Grain size data obtained for subtidal sediments were treated by cluster 

analysis and correspondence analysis to investigate sediment facies relationships 
comparable to those developed in the 1978 study (SCE 1980).  

Four sediment facies were identified in the subtidal zone from sediment 
samples collected in 1978. They were: 

1. A variable facies of fine to very fine sand usually found at shallow 
(6 m) or occasionally deeper (9 m) water depths.
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Table 2D-3. Net change in sea floor elevations 2. A mixed facies of silt and 
during.1979. fine sand. This facies tended to occur 
Net Net at all depths and was characterized by 

Station Change (cm) Station Change (cm) median grain sizes.  
Al 0 DI -10b 
A2 -2 D2 -13 3. A facies of coarse silt that 
A3 4 D3 5 tended to coalesce with Facies B and 
BI -2a El -9 usually occurring at deepest (9 m) 
B2 -6 E2 14 stations.  
B3 8 E3 8 

C1 15b F1 -20 4. A facies of medium to coarse 
C2 -68 F2 -31 polymodal sand interpreted to be of 
C3 -34 F3 7 relict origin.  
a estimated March to December 
b estimated February to December These facies were recognized in the 

sediments sampled in 1979 at the 
established stations. In addition, one facies not observed in the 1978 study was 
identified in 1979. Only the first two factors were required to make facies 
determinations in virtually all cases. Cluster analysis of subtidal sediment 
variables indicated that individual clay sizes (finer than 9 phi) correlated 
closely (Figure 20-18). Future analyses would not suffer if such material were 
grouped as a single size class.  

February Subtidal Sediments. The results of the cluster analysis and corres
pondence analysis of February sediment statistics are shown on Figure 20-19. The 
coarse Facies IV (D in 1978) was found at Station E3 where it occurred consis
tently the previous year. The sediment at Station C2 (9 m) also belonged to 
this facies even though it was not bimodal, as shown in the histograms. The 
coarse silt Facies V (C in 1978) was found at the deepest stations along Transect 
B, C, 0, and F just as in March and June of 1978. The fine to very fine sand 
Facies III (A in 1978) was found at stations where it occurred in March 1978 (Bl, 
Cl, D1, D2, El, and Fl). It did not occur at Stations Al or C2 as it did pre
viously, but continued to be a shallow water (6 m and occasionally 9 m) facies.  
Sediments at all three depths along Transect A formed Facies Ha. Sediments 
at intermediate depths (9 m) along Transects E and F formed Facies IIb. Both 
these facies were the equivalent of the mixed silt and fine sand facies (B) 
identified at those stations in 1978. Facies Ilb was considered distinct because 
of a second mode in the medium to coarse sand sizes. Facies IIb might be transi
tional between Facies Ila and the relict Facies IV if both contemporary and 
relict sediment were included in the samples from Stations E2 and F2.  

May Subtidal Sediments. The results of cluster analysis and correspondence 
analysis of May subtidal sediments are shown on Figure 20-19. The coarse poly
modal facies (IV) of relict sediment persisted at Station E3 (9 m). In addition, 
it occurred at Station D3 where it was found in September 1978. The fine to very 
fine sand facies (III) occurred at the same stations as in February except at Bl 
(6 m). There a unimodal, and nearly pure (93%), fine sand was found. Its histo
gram resembles those of Facies III except that it is not as well sorted. Sediment 
at Station B1 represented a separate facies (I). The deep-water coarse silt 
facies (V) continued to occur at Stations B3, C3, and F3. Facies II was no 
longer distinguishable as two separate subfacies as it was in Feburary. This 
facies occurred at the same stations as in February and also at Station D2. The 

longer apparent.
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August Subtidal Sediments. Figure 2D-19 shows the results of the analyses of 
statistical parameters of the August subtidal sediments. The coarse relict facies 
(IV) persisted at Stations E3 and D3. The new, fine sand facies (I) continued to 
occur at Station BI, but was also found at Station Cl. The processes producing 
this facies extended downcoast during this quarter. The shallow water, very 
fine sand facies (III) continued to occur at Stations Dl, El, and Fl, and also 
appeared at Station Al. Every shallow (6 m) station at the site yielded sediments 
of the very fine (III) or fine (I) sand facies. The coarse silt facies (V) 
continued to occur at the same three deep (15 m) stations (B3, C3, and F3) as in 
May.. The mixed silt-fine sand facies (II) continued to occur at the same stations 
as in May, but also occurred at Stations B2 and C2, formerly sites of the very 
fine sand facies (III).  

November Subtidal Sediments. The results of the cluster analysis and corres
pondence analyses of these sediments are shown on Figure 2D-19. The coarse relict 
facies (IV) persisted only at Station E3. The fine sand facies (I) occurred at 
two different locations, Cl and D3 at 6 m and 15 m, respectively. The very fine 
sand facies (II) persisted at the same shallow water (6 m) stations as in August, 
but in addition, it was found at another shallow water station, Bl, formerly 
occupied by Facies I. The deep water, coarse silt facies (V) persisted at Sta
tions B3 and F3, but not at A3. Instead, it appeared at Station A3 formerly 
occupied by Facies II, the mixed silt-fine sand facies. Facies II continued to 
occur at all intermediate depth (9 m) stations. In addition, it occurred at 
Station C3, formerly a site of the deep water coarse silt facies (V).  

Recapitulation of Subtidal Sedimentology and Discussion. The subtidal 
sediment facies identified in the 1978 study were all recognized in the 1979 
study results. The differences noted in the present study were primarily in the 
distribution of the facies during the year (Figure 20-20).  

Several general tendencies were evident. The facies tended to distribute 
according to depth with the coarsest material closest to shore and the finest 
(coarse silt) offshore. This general distribution pattern was stable; and 
remained essentially the same in 1978 and 1979.  

The facies were effective in indicating the effects of natural sedimentary 
processes at the SONGS site, so that variations from quarter to quarter and 
station to station were interpreted in terms of causative processes. A slight 
seasonal shift of facies normal to shore was evident. In February, the sand 
facies derived from littoral wave action was distributed among onshore and 
intermediate depths, except at the stations farthest upcoast. As the year 
progressed, the material became restricted to the shallowest stations. The 
causative process appeared related to the seasonal change in wave climate. Winter 
waves removed finer material from the beach and deposited it offshore. The 
material was returned during the summer when longer, less steep waves prevailed.  

The relict sediment location at Station E3 was remarkably constant during 
both 1978 and 1979. Station Bl, which yielded relict sediment in June 1978, was 
occupied by the relatively coarse Facies I. This facies also occurred at stations 
adjacent (at the same depth) to those where relict sediment occurred, suggesting 
that the relict sediment was mixed with finer sediment in the course of the 
shifting of sediments during normal littoral movement.  

The only evidence of the effect of construction in the subtidal sediment 
distribution pattern was the presence of sediments coarser than expected at 
intermediate depths B2 and C2 in May and at C3 in November. Possibly the SONGS 
Units 2 and 3 construction pad bulkhead caused littoral transport to be dis
placed seaward and shifted the sediment-depth pattern seaward as well. The
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dilution of the relict sediment at Station D3 by Facies II material displaced 
seaward might have been caused in this manner. The subtidal sediments offshore 
and downcoast of the construction pad should be monitored further to verify and 
evaluate the ultimate extent of this effect.  

OTHER PHYSICAL AND CHEMICAL MEASUREMENTS 

Sediment Organic and Carbonate Carbon 

Samples collected from the upper 2 cm of bottom sediments were analyzed for 
total carbon and carbonate carbon (C-CO3). Total carbon is a general indicator 
of faunal or secondary productivity. The difference between total carbon and 
C-CO3 represents organic carbon, which is a measure of the amount of available 
organic nutrients. The carbonate fraction represents mostly CaCO 3 in the form 
of shell debris and foraminiferal tests, and is frequently referred to as 
inorganic carbon. Sediment C-CO 3 values may range substantially higher than 
sediment organic carbon values.  

Organic carbon values in contemporaneous sediments showed little consistent 
variation over a range from 0.03 to 0.24%; most values were near 0.15% (Table 
2D-4). There was a slight tendency for the deepest (finest) sediments to have the 
highest values at each transect. Carbonate carbon values in contemporaneous 
subtidal sediments also showed little variation over a range of 0 to 0.14%. There 
was only a slight tendency for the deepest stations to yield highest values.  

The relict sediments at Station E3 and C2 showed dramatically higher values 
of carbonate carbon and, at Station E3 in February and May, rather high values of 
organic carbon. Apparently organic productivity past and/or present, character
ized the relict sediment. The diluted relict sediments of Facies I were not 
significantly higher in either type of carbon at Stations B1 and C1 or at Station 
B3 in May. The dilution was sufficient to mask the carbon content in those 
sediments. It was not a case of burial of relict sediment by contemporaneous 
littoral drift materials because the grain size affinities to relict sediments 
were evident in the facies.  

Table 2D-4. Results of subtidal sediment carbon analysis (mean of replicates).  

Station Feb May Aug Nov Station Feb May Aug Nov 

Al .16/.02 .20/.03 .10/.03 .12/.06 D1 .11/.02 .10/0.0 .19/.02 .14/.01 
A2 .14/.14 .16/.08 .14/.13 .14/.06 D2 .17/.08 .11/.05 .18/.04 .21/.07 
A3 .16/.02 .13/.03 .18/.02 .15/.03 D3 .21/.20 (.14/.12) (.11/.87) [.09/.671 

B1 .09/.10 [.12/.10] [.08/.051 .09/.13 El .11/.01 .15/.02 .14/.03 .11/.02 
B2 .09/.12 .14/.08 .13/.04 .11/.10 E2 .15/.11 .15/.08 .14/.13 .25/.09 
B3 .21/.05 .16/.04 .24/.01 .20/.08 E3 (.32/.48) (.39/.52) (.14/.44) (.13/.43) 

Cl .09/.03 .10/.05 [.05/.02] E.03/.07] Fl .24/.05 .08/0.0 .03/.07 .06/.03 
C2 (.11/.31) .19/.07 .16/.05 .14/.06 F2 .16/.01 .111/.11 .13/.05 .11/.03 
C3 .17/.02 .19/.04 .16/.06 .14/.13 F3 .17/.02 .13/.01 .11/.03 .11/.06 

NOTES: Values in body of table are: % organic carbon/% carbonate carbon 
Occurrence of relict sediment (Facies IV) 
Occurrence of diluted relict sediment (Facies 1) 

DISCUSSION 

The description of the marine geological setting presented in this report 
augments and summarizes the general description of the natural geologic and 
oceanographic phenomena affecting the SONGS area presented in the 1978 report 
(SCE 1979). Having recapitulated the findings of the 1978 sedimentological 
studies, interpretations of the 1979 intertidal and subtidal results will be 
discussed next.



2D-38 

The beach profile measurements in 1979 indicated that the impoundment of 
beach sand at the construction pad was complete by mid-year. A wide beach formed 
just upcoast of the pad and the sediments changed little during the year. Most of 
the impounded material was effectively removed from transport by beach drift 
(lateral tractive transport of sand in the swash-backwash zone). Downcoast of the 
pad, the beach stability was reduced and erosion and accretion modified the 
intertidal zone in response to changes in the direction of wave attack. Sediment 
passing by the construction pad was not sufficient to prevent such fluctuations 
in the adjacent downcoast beach zone. All other changes in the intertidal zone 
appeared referable to natural seasonal and episodic changes in the littoral 
envi ronment.  

The granulometric and statistical analyses of intertidal sediments sampled 
in 1979 have permitted the characterization of the active processes as natural 
and expected in the intertidal regime. The facies developed by the analyses were 
typical of the intertidal environment of the United States west coast. The groin 
effect of the construction pad was perceived in its stabilization of statistical 
measures of the sediments upcoast of the pad. An anomalous sediment type that 
appeared just following nearshore dumping of dredge spoil was perceived by 
recognizing that its statistical properties were those of a sediment not at 
equilibrium with the littoral processes active at its location. The sediment 
anomaly vanished within one quarter; and it was surmised that the recovery to 
such a perturbation of the intertidal zone occured over an interval of time of 
that order of magnitude. No evidence of permanent change was seen.  

The sedimentology of the subtidal zone at the SONGS site was characterized 
to the extent that the distribution of sediments in that zone can be predicted 
with confidence and anomalous conditions analyzed to determine if effects of 
construction were present. Evidence of the seaward deflection of the littoral 
drift past the construction pad was discerned. The effects of dredging and 
backfilling were not distinguishable by this approach because the grain size 
characteristics of the dredged material were not known.  

Studies of sedimentation rate established that the erosion and accretion of 
the sea floor was caused by tractive processes active at the sediment-water 
interface.  

The measurement of inorganic carbon (carbonate) in the subtidal sediments 
was valuable as a discriminator of relict sediments even though the parameter 
failed to correlate with that facies in the correspondence factor analyses. The 
relict sediment mixed with contemporaneous sediments, a phenomenon that was 
significant to the benthic ecology of the site in that relict substrate areas 
were subject to temporal disappearances. Organic carbon content of subtidal 
sediments, though probably important to the benthic infauna, provided no usable 
information regarding natural or artificial processes active in the subtidal 
zone.  

SUMMARY 

The sedimentology of the intertidal and subtidal materials in the vicinity 
of the SONGS site was studied as part of the monitoring of the oceanographic 
effects of the construction of Units 2 and 3. The parameters examined were 
physical and chemical sediment properties, sedimentation, distribution of sedi
ment types, water clarity and temperature, and the morphology of the intertidal 
zone. The examination revealed the following: 

1. The impoundment of sand by the Unit 2 and 3 construction pad was 
discriminated as a response of the littoral regime to a groin-like impediment.
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2. The impoundment was complete but littoral sediment passing the pad 
did not prevent substantial fluctuations in intertidal morphology immediately 
downcoast.  

3. Perturbation of the intertidal zone by nearshore dredge spoil dumping 
apparently was dispelled within one quarter. No permanent change to the inter
tidal zone was perceived or seems likely to have been caused by such dumping.  

4. Evidence of the deflection seaward of littoral transport by the con
struction pad was obtained by interpreting the pattern of distinctive and 
temporally stable sediment facies in the subtidal sediments. The facies pattern 
was useful for discriminating the effects of construction.  
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CHAPTER 3 

PLANKTON 

INTRODUCTION 

The purpose of this chapter is to analyze and interpret the 1979 data 
collected by the combined .ETS-PMP plankton program. This includes data presen
tation to establish baseline conditions which can be compared to conditions that 
occur after Units 2 and 3 become operational, and the identification of any 
significant alterations to the marine environment which may be attributed to the 
operation of SONGS Unit 1.  

The marine monitoring studies reported in this chapter.are bein conducted to 
meet objectives approved by the Nuclear Regulartory Commission (NRC) as stated in 
the Environmental Technical Specifications (ETS), Docket No. 50-206, Sections 
3.1.2a(1) General Ecological Survey for the San Onofre Nuclear Generating Station 
(SONGS) Unit 1 and the Preoperational Monitoring Program (PMP) for SONGS Units 2 
and 3. Broadly stated, the objective of the Preoperational Monitoring Program 
is to provide a baseline to determine the nature, extent, and significance of the 
effects of SONGS Units 2 and 3 on the species composition, distribution, and 
abundance of plankton inhabiting the receiving waters offshore of the generating 
station. The ETS objective is to determine the effects of SONGS Unit 1 on the 
plankton resources in the vicinity of the generating station. These studies are 
also being conducted in compliance with the National Pollutant Discharge 
Elimination System (NPDES) permit for SONGS Unit 1 which requires that results be 
reported to the California Regional Water Quality Control Board (CRWQCB), San 
Diego Region and the regional office of the Environmental Protection Agency.  

The 1979 biological data used in this analysis were presented in the Annual 
Operating Report, San Onofre Nuclear Generating Station, Volume III, Biological 
Data-1979 (SCE 1980c).  

APPROACH 

Data analysis has been conducted in terms of patterns of distribution for a 
given parameter. This includes spatial distributions in onshore-offshore orien
tation and distribution with regard to distance upcoast and downcoast from SONGS.  
The vertical distribution of biological parameters with regard to the two depth 
strata sampled is then described and discussed, followed by a discussion of tem
poral patterns observed during 1979 and how this pattern compares with similar 
observations made for previous years. Following the description of spatial and 
temporal patterns of the biological data, the effects of long-term physical 
oceanographic events on the plankton offshore of SONGS is discussed.  

BACKGROUND 

In order to place the study objectives and results into perspective, a brief 
description of the marine environment offshore SONGS is presented as well as a 
historical review summarizing previous and ongoing plankton studies conducted in 
the SONGS receiving waters.



3-2 

Physical factors in the marine environment which may affect the distribution 
and abundance of plankton include water temperature, nutrients, turbidity, and 
currents. Water temperature generally decreases with depth. During the winter, 
temperature is fairly uniform due to the well mixed nature of the water. In the 
summer, a shallow thermocline is established due to solar heating. Mixed-layer 
winter temperatures are normally in the range of 13 to 170 C. Surface water tem
peratures in the summer may be 17 to 22oC, while temperatures at a depth of 10 m 
are two to three degrees cooler (IRC 1973, LCMR 1976d, SCE 1979a). Chemical 
nutrients are distributed in a typical pattern, with low concentrations at the 
surface which increase with depth. During winter, nutrient values may be relati
vely uniform from the surface to the bottom at 15-16 m (SCE 1979c). Turbidity is 
due to suspended particles of sediment and organic detritus, as well as plankton.  
High turbidity in inshore coastal waters is largely due to increased turbulence 
and wave action stirring up and suspending bottom materials (Raymont 1963).  
Turbidity in the San Onofre area increases both nearshore and nearbottom (LCMR 
1976d, SCE 1979a). Current speed offshore of SONGS typically ranges from 5 to 40 
cm/s and averages 10 cm/s. These coastal currents vary in direction and speed as 
a result of winds and tides (EQA/MBC 1973).  

The present plankton studies in the San Onofre area have evolved from a 
qualitative examination of plankton in 1964, followed by quantitative semiannual 
plankton studies conducted between 1965 and 1975 for the California Regional 
Water Quality Control Board, San Diego Region. The scope of these early studies 
included collection of zooplankton samples at the surface (0-2 m) with a net and 
surface phytoplankton in whole-water samples. The data collected from 1965 to 
1972 were summarized and reviewed by Barnett (1973), Enright and McGowan (1973), 
and Dodson (1973). These data revealed that there was an increase in abundance 
of many zooplankton taxa during periods of SONGS operation at all stations, 
including "controls" (Barnett 1973, Enright and McGowan 1973). Variability in 
abundance between stations decreased during operational periods (Barnett 1973).  
Phytoplankton species composition and cell numbers were similar between SONGS and 
control stations (Dodson 1973) and variability in abundance at all stations 
decreased during operational periods (Enright and McGowan 1973). Very localized 
(up to 500 m from the discharge) changes in the vertical distribution of some 
species have been observed and attributed to the entrainment and upward transport 
of nearbottom water by the Unit 1 discharge plume (MRC 1979). The total abun
dance in the area, however, was unchanged.  

The ETS study began in May 1975 with the establishment of seven stations 
spaced at increasing distances upcoast and downcoast from the SONGS Unit 1 
intake/discharge line. This study was designed to assess area-wide effects 
rather than nearfield intake/discharge effects. In April 1978 a preliminary 
sampling program was conducted to determine optimal sample sizes and numbers of 
replicates for the combined ETS and PMP program. A new program based on the 
results of this preliminary and the historical studies was initiated in July 
1978.  

METHODS 

A detailed description of station locations and field and laboratory method
ology is given in combined ETS and PMP procedures (SCE R&D/LCMR, Procedures 
P-0-8/78). A general review is presented below.  

FIELD 

Seventeen stations comprise the array of plankton sampling stations included 
in the combined Unit 1 ETS and Units 2 and 3 PMP programs (Figure 3-1). These
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are arranged along three isobaths, each isobath being oriented parallel to the 
coastline. Each isobath includes stations located directly offshore of SONGS and 
stations extending upcoast and downcoast from SONGS. Eight stations (Stations 
1-8) lie along the 10-m isobath, five stations (Stations 9-13) lie along the 15-m 
isobath, and the remaining four (Stations 14-17) lie along the 30-m isobath.  

Biological samples collected at these stations include zooplankton samples 
and whole-water samples for analysis of chlorophyll a and phaeopigment concen
tration. These are collected concurrently at each station using a plankton pump 
system. Samples are collected from two strata within the water column at each 
station. The upper stratum extends from the surface to the 5-m depth for the 
stations located along the 10-m isobath and from the surface to the 8-m depth at 
stations long the 15 and 30-m isobaths. The lower stratum encompasses the depth 
interval from 5 to 10-m at the stations located on the 10-m isobath and from 8-m 
to the bottom for the deeper stations. Within each of these strata, samples are 
integrated with 1/3 m3 of water being sampled at each 1-m depth interval. Zoo
plankton samples are concentrated by filtering through a 0.202-mm mesh plankton 
net. A 450-ml whole-water sample is obtained for analysis of chlorophyll a and 
phaeopigments by collecting a small fraction of water prior to passage through 
the plankton net. Two replicate water samples and two replicate zooplankton 
samples are collected from each stratum at each station. The first replicate is 
taken as the intake is lowered and the second as it is raised. This procedure is 
repeated on three days within a seven day period for each bimonthly survey, 
except that inshore Stations 2, 3, and 5 are not sampled on the second and third 
days.  

Physical data are collected concurrently with biological sampling. Tempera
ture and transmissivity measurements are taken at 1-m intervals using a Martek 
XMS temperature-transmissivity unit. During 1979, transmissivity-depth profiles 
were obtained at each plankton station occupied during the January, March and May 
surveys. Transmissivity profiles were taken only at selected stations during the 
remaining surveys. Temperature-depth profiles were obtained each time a station 
was sampled. Gross current speed and direction of flow is estimated by 
deployment of a sub-surface drogue for a measured length of time (15 min to 1 h) 
while each station is occupied. Meteorological information, including cloud 
cover, wind, and sea conditions, are obtained each time a station is occupied.  

Plankton surveys were conducted on a bimonthly basis during 1979: on 17, 18, 
19 January; 14, 15, and 16 March; 16, 17, and 18 May; 10, 11, and 12 July; 5, 6, 
and 7 September; 6, 8, and 9 November.  

LABORATORY 

Phytoplankton populations are assessed by determining phytopigment concentra
tions from whole-water samples. These samples are glass-fiber filtered, ground 
in acetone, and examined with a Turner fluorometer for the determination of 
chlorophyll a and phaeopigment concentrations (Yentsch and Menzel 1963, 
Strickland anf Parsons 1972).  

Assessment of zooplankton populations is conducted on the basis of identifi
cation and enumeration of select zooplankton taxa and determination of total dry 
weight biomass. Using properly selected zooplankton species, the time and 
expense of sample processing can be reduced without an accompanying loss of 
information (Gardner 1977). Each of the taxa selected is numerically abundant, 
based on three years of ETS data, and is a major component of the taxonomic and 
trophic structure of the zooplankton community offshore of San Onofre (LCMR 
1978c). These select taxa consist of Penilia avirostris, Podon polyphemoides, 
Acartia tonsa, Acartia spp. copepodites, Corycaeus angficus, Euterpina
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acutifrons, Labidocera trispinosa copepodites, Oithona oculata, Paracalanus 
parvus, Paracalanus parvus copepodites, Clausocalanus spp.,-alTl5ther copepods as 
an aggregate, cypris larvae, cyphonautes larvae, Sagitta spp., and all other 
plankton taxa as an aggregate. If an additional taxonis found to comprise more 
than 30% of the samples during a survey, it is also enumerated. Generally, 
zooplankton abundances are sufficiently high that sample abundances are estimated 
from subsamples obtained with a Stempel pipette. When abundances are very low a 
Folsom plankton splitter is used and aliquots of the whole sample are enumerated.  

Total zooplankton biomass is measured for each zooplankton sample. Biomass 
determinations are conducted using the *method of Lovegrove (1966), with samples 
filtered and dried at 600C for 24 h prior to weighing.  

DATA ANALYSIS 

Prior to analysis, plots of the raw data indicated that the data tended to be 
skewed. In order to better meet the assumptions of normality and homogenity of 
variance required by parametric tests, logarithmic transformations were made. A 
log (x + 0.01) transformation was used in data sets which contained zeros. Means 
and 90% confidence intervals were calculated for transformed total zooplankton 
abundance, zooplankton dry weight biomass, chlorophyll a, and phaeopigment 
concentrations. Antilogs of these values were taken and the confidence intervals 
and geometric means expressed in the original number scale. Up to six values 
(two observations per day, for three days) were used for these determinations.  
These calculations were performed for each station and survey.  

Analysis of variance (ANOVA) was used to test for significant differences 
among stations and depths. Onshore-offshore and upcoast-downcoast distributions 
of zooplankton abundance, biomass, chlorophyll, and phaeopigment concentrations 
were examined. The ANOVA design developed for the analyses was divided into two 
components. The main effects made up the factors and their interactions which 
were of primary interest, while nested effects were a result of the sampling 
scheme. The main effects consisted of depths (i.e., two strata), transects 
(i.e., onshore-offshore lines of stations), and isobaths (i.e., lines of similar
depth stations). Two samples were taken each day for each combination of main 
effects. These were considered to be duplicates and nested within the day in 
which they were taken. The resulting fixed block design, with day as the 
blocking factor, was used for all ANOVA's. This design allowed the variability 
between sampling days to be used to test for differences between the other main 
effects. Duncan's multiple range test (Steel and Torrie 1960) was used to locate 
significantly different station groups. Analyses were carried out separately by 
survey since seasonal fluctuations could serve to confound otherwise meaningful 
results.  

RESULTS 

In this section each of the biological parameters examined is considered in 
terms of gross spatial and temporal patterns observed during 1979. The following 
subsections present summary figures and tables which show the distribution of 
abundance and concentration data at each station by survey. Ninety percent con
fidence intervals placed about the geometric mean, are based on all samples 
collected at that station and depth range and visually demonstrate general trends 
and patterns. Sal ient features of each survey are pointed out and temporal 
trends noted. Following the summary presentation the data were then analyzed by 
ANOVA. The results of these analyses are presented and important results noted.  
For rigorous statistical testing, the 95% significance level was retained.
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The ANOVA design used for hypothesis testing takes into account the following 
factors: samples collected in the same day nested within days, the days within a 
survey, isobath on which stations were located, depth stratum from which samples 
were collected, and onshore-offshore transects. The last factor considers 
upcoast vs downcoast patterns and treats onshore-offshore lines of stations as 
transects. For analytical procedures of hypothesis testing, stations were 
grouped into five transects as depicted in Table 3-1. The factor "transect", 
measuring variation among groups of onshore-offshore aligned stations, revealed 
fewer instances of significant differences than other main effects. An important 
feature of the design employed is that short term variability (i.e., between 
days) has been included. The fact that nearly every analysis conducted showed 
significant difference between days, demonstrates the highly transitory nature of 
the nearshore plankton populations off San Onofre. This feature was present for 
all biological parameters studied, and indicates that patchiness may greatly 
affect the interpretation of data collected on a single day, as well as spatial 
and temporal patterns.  

Table 3-1. Stations grouped by isobath and transect included in the statistical model employed in the analysis of 
variance of ETS/PMP data.  

Stations 
Isobath Transect Transect Transect Transect Transect 

5 4 3 2 1 

10 m 8 1 4 6 7 
15 m 9 10 11 12 13 
30 m 14 15 16 17 

PHYTOPLANKTON 

Chlorophyll a and phaeopigment concentrations and phytopigment ratios were 
measured as a method of assessing phytoplankton populations. Mean values of 
these variables by survey, isobath, and depth stratum are presented in Figure 
3-2.  

Chlorophyll a 

The distribution of chlorophyll a at each station for each survey is pre
sented in Figure 3-3. A distinct seasinal pattern in chlorophyll a concentration 
is evident. Mean concentrations were lowest in January (0.61 mT/m3) and March 
(0.49 mg/im). Chlorophyll a concentrations were progressively higher during May 
(2.97 mg/m 3) and July (10.61 mg/m 3), with the highest concentrations of the year 
occurring in September (12.04 mg/m). Mean chlorophyll a concentrations declined 
to 6.29 mg/mi3 in November.  

Results of analysis of variance (ANOVA) for chlorophyll a are presented in 
Table 3-2. Significant differences in chlorophyll a concentration between depth 
strata were detected during the January, March, July, September, and November 
surveys. During the January survey the concentration of chlorophyll a was 
greater in the upper stratum than in the lower stratum, while the reverse was the 
case during other surveys (Figures 3-2 and 3-3). Significant differences in 
chlorophyll a concentration among transects were detected during the January, 
March, May, and November surveys. During March a trend toward increased 
chlorophyll a concentration in the upcoast direction was observed while the oppo
site was present in May. No patterns were observed during other surveys. A per
sistent gradient of chlorophyll a with concentrations lower offshore was 
generally present, with significanf differences detected in both January and 
November. Significant differences in chlorophyll a concentration among days of a 
survey were detected in March, May and July, and b6tween samples collected on the
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Figure 3-2. Arithmetic means of concentrations of chlorophyll a, phaeopigments, and the ratio of phytopigment 
fluorescence during 1979.  

Table 3-2. Results of analysis of variance for 1979 ETS-PMP chlorophyll a data.  

Source Survey 
Main Effects Jan Mar May Jul Sep Nov 

Depth (D) n.s.  
Transect (T) * ** * n.s. n.s. * 
D x T n.s. n.s. n.s. n.s. n.s. n.s.  
Isobath (I) n.s. n.s. n.s. n.s. * 
D x I n.s. n.s. n.s. n.s. * n.s.  
T x I n.s. n.s. n.s. n.s. n.s. n.s.  
D x T x I n.s. n.s. n.s. n.s. n.s. n.s.  
Day n.s. *** * n.s. n.s.  

Nested Effects 

Duplicate n.s. n.s. * n.s. n.s. * 
Day x Duplicate n.s. n.s. n.s. n.s. n.s. n.s.  

n.s. Not significant (P > 0.050) 
* P < 0.05 
** P < 0.01 
*** P 7 0.001
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same day they occurred in May and November. Interaction between depth and iso
bath was significant in September.  

Phaeopigment 

The seasonal pattern of phaeopigment concentration observed during 1979 is 
summarized in Figure 3-2, and for each station by survey in Figure 3-4. Because 
of the relationship between chlorophyll and phaeopigment, the distribution of 
these two variables was usually similar. Mean phaeopigment concentrations were 
very low in January (0.24 mg/m 3 ) and March (0.28 mg/m ). A slight increase in 
concentration was present in May (1.15 mg/m 3) and the highest concentration 
observed during the year occurred in July (6.33 mg/m 3). Phaeopigment con
centrations declined slightly in September (5.53 mg/m 3) and decreased to 3.19 
mg/m 3 by November.  

Results of analyses of variance for phaeopigment data are presented in Table 
3-3. Phaeopigment concentrations were significantly higher in the lower depth 
stratum for all but the January survey. Significant differences among transects 
were detected in January and November but no pattern of distribution was exhi
bited. Concentrations among isobaths were significantly different in January, 
September, and November, with higher concentrations at the 10 and 15-m stations 
than at the 30-m stations. Much variability in phaeopigment concentration was 
present within a single survey. Significant differences between days were 
detected for all surveys except September and between samples collected on the 
same day in July, September, and November. Interaction was present in September 
and November data.  

Table 3-3. Results of analysis of variance for 1979 ETS-PMP phaeopigment data.  

Source Survey 
Main Effects Jan Mar May Jul Sep Nov 

Depth (D) n.s.  
Transect (T) * n.s. n.s. n.s. n.s. * 

D x T n.s. n.s. n.s. n.s. n.s. n.s.  
Isobath (I) n.s. n.s. n.s. * 
D x I n.s. n.s. n.s. n.s. n.s. n.s.  
T x I n.s. n.s. n.s. n.s. * * 

D x T x I n.s. n.s. n.s. n.s. n.s. n.s.  
Day n.s.  

Nested Effects 

Duplicate n.s. n.s. ** n.s. * * 

Day x Duplicate n.s. n.s. n.s. n.s. n.s. * 

n.s. Not significant (P > 0.050) 
* P < 0.05 
** P < 0.01 
*** P 0.001 

Phytopigment Fluorescence Ratio 

The ratio of the fluorescence of a phytopigment sample before and after aci
dification is one method used to assess the physiological state of phytoplankton 
populations. Chlorophyll a phaeopigment fluorescence ratios are summarized in
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Figure 3-2 by depth stratum and isobath for each survey. . The phytopigment 
fluorescence ratio remained quite constant throughout the year except in July.  
During this survey a slight decline was observed at all isobaths and in .both 
depth strata, except at the lower strata of the 15-m stations which exhibited 
unusually high mean phytopigment ratios.  

ZOOPLANKTON 

Total zooplankton abundance, dry weight biomass, species composition, and 
community structure were examined for the zooplankton community offshore of 
SONGS. Mean total zooplankton abundance and biomass for each of the 1979 surveys 
is summarized by isobath and depth stratum in Figure 3-5.  
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Fiqure 3-5. Arithmetic mean of total zooplankton abundance and concentration of dry weight biomass during 1979.  

Total Abundance 

The 1979 total zooplankton abundance estimates reveal several patterns in 
distribution (Figure 3-5 and 3-6). Along a given isobath, abundance was 
generally greater at stations nearest SONGS (Transects 2, 3, and 4). Stations 
off San Mateo Point (Transect 5) consistently had the lowest abundance estimates 
for a given isobath. Mean total abundance was generally lower at stations on the 
30-m isobath. The lowest mean total abundance was recorded in January (2,684/M 3) 
and the highest mean value was recorded in March (8,056/M 3).  

Results of analyses of variance for total zooplankton abundance are presented 
in Table 3-4. Significant differences in mean total zooplankton abundance bet
ween depth strata were observed during the January, May, and September surveys.  
Mean total zooplankton abundance was higher in the upper stratum during January 
and September and higher in the lower stratum during May. Significant differen
ces were detected among isobaths during the January, March, July, and September 
surveys. A gradient of increasing abundance in the onshore direction was present 
during the January, March, and September surveys, while the reverse was observed 
during the July survey. Transect differences were significant during the March, July, September, and November surveys. During the March, September, and November 
surveys the upcoast reference transect exhibited the lowest mean total abundance 
estimate. There was also generally a gradient of decreasing abundance proceeding
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downcoast along all transects, except the upcoast reference transect, during 
these surveys (Figure 3-6). Zooplankton abundance estimates between days of the 
survey were significantly different during March, May, and November. Only during 
November were significant differences in zooplankton abundance detected between 
replicates. Significant depth-isobath interactions and significant transect
isobath interactions were present during the March, May, and July surveys, 
respectively.  

Table 3-4. Results of analysis of variance for 1979 ETS-PMP total zooplankton abundance data.  

Source Survey 
Main Effects Jan Mar May Jul Sep Nov 

Depth (D) ** n.s. ** n.s. * n.s.  
Transect (T) n.s. n.s. ** * * 
D x T n.s. n.s. n.s. n.s. n.s. n.s.  
Isobath (I) ** n.s. ** ** n.s.  
D x I n.s. ** ** ** n.s. n.s.  
T x I n.s. n.s. * ** n.s. n.s.  
D x T x I n.s. n.s. n.s. n.s. n.s. n.s.  
Day n.s. * n.s. n.s.  

Nested Effects 

Duplicate n.s. n.s. n.s. n.s. n.s. ** 
Day x Duplicate n.s. n.s. n.s. n.s. n.s. n.s.  

n.s. Not significant (P > 0.050) 
* P < 0.05 
** P* <0.01 
*** P < 0.001 

Biomass 

Biomass determinations were conducted for each survey of 1979. These data 
are presented in Figures 3-5 on a seasonal basis and for each station by survey 
on Figure 3-7. Distributional patterns for total mean biomass concentrations for 
1979 were similar to those for zooplankton. The lowest mean biomass was found in 
January (21 mg/m 3) while the highest mean biomass level was observed in March (88 
mg/m 3). Along the 10-m isobath, biomass was generally highest upcoast with a 
decreasing gradient downcoast. Along both the 15 and 30-m isobath, a general 
pattern of high biomass concentration near SONGS with decreased concentration 
away from this area was present throughout 1979.  

Results of analysis of variance for zooplankton biomass data are presented in 
Table 3-5. Differences in biomass between depth strata were significant during 
the May, July, and November surveys. Higher concentrations were observed in the 
lower stratum during May and July while in November higher biomass concentrations 
were found in the upper stratum. Significant differences in biomass con
centration among transects were observed during the March, July, and September 
surveys. During March biomass concentration was lowest at the upcoast reference 
transect and highest near SONGS (Transect 4), with a gradient downcoast from that 
point. No obvious patterns were present during either the July or September 
surveys. Biomass concentrations among isobaths were significantly different 
during March, May, July, and September. A gradient of increasing biomass con
centration in the inshore direction was present during the March and September 
surveys while a gradient of increasing concentration in the offshore direction
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was evident during May and July. Only during November were significant dif
ferences in biomass concentration among days of the survey detected. Differences 
between replicates were not significant during any survey. Significant transect
isobath interaction was present in July and September while depth-isobath and 
day-replicate interactions were each significant during September.  

Table 3-5. Results of analysis of variance for 1979 ETS-PMP zooplankton biomass data.  

Source Survey 
Main Effects Jan Mar May Jul Sep Nov 

Depth (D) n.s. n.s. * ** n.s. * 
Transect (T) n.s. ** n.s. ** n.s.  
D x T n.s. n.s. n.s. n.s. n.s. n.s.  
Isobath (I) n.s. * *** ** n.s.  
Dxl n.s. * n.s. n.s. * n.s.  
T x I n.s. n.s. n.s. * * n.s.  
D x T x I n.s. n.s. n.s. n.s. n.s. n.s.  
Day n.s. n.s. n.s. n.s. n.s.  

Nested Effects 

Duplicate n.s. n.s. n.s. n.s. n.s. n.s.  
Day x Duplicate n.s. n.s. n.s. n.s. ** n.s.  

n.s. Not significant (P > 0.050) 
* P < 0.05 
** P < 0.01 
*** P < 0.001 

Mean Zooplankton Biomass 

A useful index of the relative food value of the zooplankton community to 
potential predators is mean weight per organism. This value is calculated by 
taking the ratio of mean biomass to total number of organisms. Although these 
data were not amenable to statistical analysis, visual interpretations are 
useful. Results of this analysis for each survey are summarized in Figures 3-8 
and 3-9.  

There is a general trend toward larger organisms along the 30-m isobath 
during March, May, and November. With regard to transects, Transect 5 always had 
higher mean individual biomass values than did Transect 4 and also had the 
highest mean individual biomass values of all transects during the March, May, 
July, September, and November surveys. The mean size of organisms found in the 
lower stratum was larger during all surveys except March. Differences in mean 
biomass values between surveys are quite pronounced, with largest values observed 
in March and smallest in November. A general trend of decreasing mean size was 
observed from March through November.  

Abundance of Select Taxa 

The mean abundance of each of the taxa enumerated is presented in Table 3-6.  
The abundance and distribution of the select taxa is summarized for each survey 
in Figure 3-10 by depth and isobath. Analysis of variance for each species did 
not reveal consistant patterns of spatial distribution. However, some trends 
were evident from examination of graphical data in conjunction with statistical 
analyses.
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Figure 3-8. Mean organism weight (mg) by transect, isobath, and depth stratum.  

Acartia tonsa showed a general pattern of distribution characterized by a 
trend towards greater abundance at stations along the 10 and 15-m isobath than 
along the 30-m isobath. Abundance was significantly greater in the upper stratum 
in January but no consistent pattern of depth distribution was present for other 
surveys. Transect differences, when significant, did not show consistent trends 
in distribution. Acartia spp. copepodites were found to demonstrate a distinct 
onshore-offshore pattern of distribution with decreasing abundance proceeding 
from 10, to 15, to 30-m stations. These differences were significant for four of 
the six surveys. Acartia spp. copepodites were found in significantly greater 
numbers in the lower depth stratum during all surveys except January when they 
were found in significantly greater numbers in the upper stratum. Differences 
among transects showed no consistent pattern.
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Figure 3-9. Mean organism weight (mg) for each survey of 1979.  

Paracalanus parvus showed no distinct pattern of distribution for most 
surveys, but tren s were present in May and July with respect to both vertical 
and onshore-offshore distribution. Paracalanus was generally more abundant in 
the lower stratum and showed a gradient of increasing abundance proceeding from 
10 to 15 to 30-m stations. Transect differences, when significant, did not show 
any consistent pattern. Paracalanus parvus copepodites showed distributional 
patterns of abundance similar to those described for adults of this species, 
although the abundance of copepodites was generally greater than adults.  

Clausocalanus spp. was seasonal in occurrence. In January it was present in 
about equal numbers at all three isobaths and in both depth strata. It was less 
abundant in March and present in only small numbers in May. In July it was pre
sent in small numbers at 10 and 15-m stations and in moderate numbers at the 30-m 
stations. Clausocalanus was abundant in the upper stratum at all three isobaths 
in September and November. No upcoast-downcoast pattern was apparent.  

Labidocera trispinosa copepodites showed a distinct trend being more abundant 
in the upper depth stratum during all surveys. An onshore-offshore gradient with 
decreasing abundance proceeding from 10 to 15 to 30-m stations is evident for all 
surveys except July and November.  

Oithona oculata was present throughout all surveys in small numbers. This 
copepod tended to be consistently more abundant at the 10 and 15-m stations than 
at the 30-m stations. No distinct seasonal, vertical, nor upcoast-downcoast pat
tern was evident.
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Table 3-6. Rank order of abundance of select taxa collected off SONGS, from 1975 to 1979.  

Rank Annual Mean (no/m 3) 

Taxa 75* 76 77 78** 79 75* 76 77 78** 79 

Acartia spp. 1 1 1 1 1 2105 797 1005 613 817 
copepodites 

Acartia tonsa 5 3 3 4 3 98 480 164 195 365 
Penilla avirostris t 2 4 8 1 t 523 151 84 43 
Paracalanus parvus 3 9 2 2 2 127 89 2153 514 546 
copepodites 

Sagitta spp. 2 7 5 9 6 148 98 118 72 239 
Corycaeus anglicus 7 4 9 6 7 60 165 62 159 235 
Cyphonautes larvae 8 6 6 10 8 56 102 114 72 129 
Paracalanus parvus 9 5 8 3 4 55 108 87 209 333 
Labidocera trisponos 4 8 10 7 9 110 98 56 92 106 
copepodites 

Podon polyphemoides 10 10 7 5 13 21 75 94 167 21 
Euterpina acutifrons 6 11 11 11 .10 63 64 52 63 69 
Clausocalanus spp. tt tt tt ?t 5 ft tt tt tt 298 
Oithona oculata tt tt tt tt 12 ft tt ft tt 31 
Cypris larvae tt tt tt tt 14 tt tt tt tt 14 

* No surveys were conducted in January and March 1975.  
** January 1978 survey not completed due to persistently inclement weather.  

First two surveys of year conducted as previous years. Last three surveys 
added stations on 15-m and 30-m isobaths farther offshore.  

t P. avirostris not present in 1975.  
tt Taxon not a major contributor to total in these years.  

The group enumerated as "all other copepods not among the select taxa con
sidered as an aggregate" was consistently more abundant in the lower depth stra
tum than the upper. No other pattern was evident for this group.  

Penilia avirostris was absent from the May survey, present in very low num
bers in July, and abundant in January and September. Penilia was more abundant 
in the upper depth stratum during the two surveys when it was abundant.  

Podon polyphemoides was absent from the January survey, and present only in 
small numbers during other surveys. A slight tendency towards greater abundance 
in the upper depth stratum was the only pattern present.  

Cypris larvae were present in small numbers in 1979. A slight trend towards 
greater numbers in the lower depth stratum was the only obvious pattern.  

Cyphonautes larvae were generally more abundant at the 10 and 15-m stations 
than at the 30-m stations. In January and March they were more abundant in the 
upper depth stratum but this was not evident in subsequent surveys.  

Corycaeus anglicus, Sagitta spp., and Euterpina acutifrons displayed no 
distinct trends wit regard t survey, depth, onsh ore-offshore, or upcoast
downcoast distributions during 1979.
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Figure 3-10. Abundance of select taxa distributed by isobath, depth, and survey during 1979.  
An * indicates no organisms present, a ** indicates present in small numbers.
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DISCUSSION 

This section addresses specific topics that pertain to the establishment of 
preoperational baseline data for Units 2 and 3, and the assessment of the 
effects of SONGS Unit 1 on the plankton resources in the vicinity of the 
generating station. Each topic is discussed in terms of spatial and temporal 
patterns of occurrence and abundance (or concentration) observed in the study 
area. The sampling design, method of data collection, results, analysis, and 
interpretation of the data from the programs presented in this chapter have been 
oriented to examine the nature and extent of naturally occurring plankton 
resources in the study area. Incorporated within this sampling and analytical 
scheme are specific analyses which evaluate whether or not there is any signifi
cant effect of Unit 1 operation on these plankton resources.  

An important feature of the design employed is that short term variability 
(i.e., between days) has been included. The fact that nearly every analysis 
conducted showed significant difference between days, points out the highly 
transitory nature of the nearshore plankton populations off San Onofre. This 
feature was present for all biological parameters studied, and indicates that 
patchiness may greatly affect the interpretation of data collected on a single 
day, as well as spatial and temporal patterns.  

SPATIAL AND TEMPORAL PATTERN OF PHYTOPIGMENT DISTRIBUTION 

Chlorophyll a 

There is considerable ecological importance in examining phytoplankton in 
the waters adjacent to the SONGS complex. Phytoplankton forms the base of most 
food webs in the sea, and is important as a limiting factor for the support of 
higher trophic levels. Some factors which influence phytoplankton communities, 
that may be altered by SONGS operation are temperature, redistribution of 
nutrients, and light. Elevated water temperatures resulting from the SONGS 
cooling water discharge may enhance or limit the growth of phytoplankton.  
Phytoplankton growth may also be influenced by redistribution of inorganic 
nutrients by the SONGS cooling water systems. Light, another limiting factor for 
phytoplankton growth, may be influenced by redistribution of turbidity by SONGS 
operations, which could alter the quality and quantity of light available to the 
phytoplankton near SONGS. Redistribution of phytoplankters into different ver
tical strata by entrainment of bottom water by the generating station cooling 
water discharge may also affect the quantity and quality of the phytoplankton 
communities near the generating station.  

Significantly greater chlorophyll a concentrations occurred in the lower 
stratum during four of the six 1979 surfeys. In May the pattern was similar but 
not statistically significant. In January the reverse of the typical pattern 
occurred, with chlorophyll a concentration higher in the upper stratum, however, 
the magnitude of the chlorophyll a concentration was so low that this difference 
is probably of no biological signTficance.  

Since the beginning of the SONGS plankton monitoring programs in 1975, only 
three surveys (November 1975, March 1978, and January 1979) exhibited higher 
chlorophyll a concentrations in the upper stratum (LCMR 1977b). Higher chloro
phyll a concentrations in the lower stratum may reflect greater overall phyto
plankton concentration (biomass or abundance) or a response of the phytoplankton 
to lower light intensity in deeper water (Yentsch and Ryther 1957, Odum, 
McConnell, and Abbott 1958). Phytoplankton cells in the lower stratum may con
tain more chlorophyll a than those in the upper stratum, even though the number
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of cells is similar. A gradient of decreasing chloropyll a concentrations with 
increased distance from shore was frequently observed. Howeer, even when signi
ficant differences were present, the 10 and 15-m stations were not significantly 
different from each other. Rather, the difference is usually between the 30-m 
stations and all inshore stations. The significant differences in chlorophyll a 
concentration among isobaths observed for January and November surveys correspond 
to the general pattern observed for the other 1979 surveys, and for the three 
ETS/PMP surveys conducted in 1978. During all surveys, chlorophyll a con
centration was lower at the 30-m stations than at the 10 or 15-m stations, 
although the differences were not always great enough to be statistically 
significant. The persistent onshore-offshore gradient of chlorophyll a occured 
in each survey and is characteristic of most near shore marine environments.  
This pattern has been shown to occur throughout the Southern California Bight 
region (Eppley, Sapienza and Rengen 1978) including nearby areas upcoast (Dana 
Point) and downcoast (Del Mar) from SONGS. Previous studies (Barnett and Sertic 
1978) have also demonstrated an onshore-offshore gradient of chlorophyll a con
centration in the region of SONGS; therefore, there is no reason to expecT that 
this is other than a natural and persistent phenomenon. The explanation for 
higher chlorophyll values near shore may be a function of increased turbidity 
causing lower light levels, and not necessarily grater abundances of 
phytoplankton. Phytoplankters are known to compensate for low light by 
increasing the amount of chlorophyll per cell (Odum, McConnell, and Abbott 
1958).  

Variability observed among the transects may be attributed to the patchy 
distribution of phytoplankton. Although significant differences among onshore
offshore transects occurred in all surveys except July and September, no con
sistent pattern could be defined. Multiple range testing failed to delineate any 
transect or group of transects that were consistently higher or lower in 
chlorophyll a concentration. The upcoast-downcoast variation present for the 
four surveys with significant differences appears unrelated to any other biologi
cal or physical/chemical variable measured. In other regions, patchiness in the 
distribution of phytoplankton over areas similar in size to the SONGS study area, 
has been shown to be responsible for much observed variability (Denman and Mackas 
1978, Platt 1978, Pugh 1978).  

Chlorophyll a concentrations in July and September were about twice as great 
as the mean valGie recorded on any survey between 1975 and 1979. The extremely 
high chlorophyll a concentrations may have resulted from periods of upwelling 
which occurred prfor to the July and September surveys. Examination of continous 
temperature records (SCE 1980a) shows that a marked decrease in surface tem
perature occurred during the last week of June, the first week of July, and the 
third week of August 1979. These periods of apparent upwelling preceeded the 
July and September surveys and may have been responsible for the elevated phy
toplankton biomass observed during these periods. Available nutrient data (SCE 
1980b) from the the SONGS area indicates a high nitrate concentration in the 
water column during May but not in subsequent months. This corresponds to a 
marked increase in chlorophyll a concentration following low concentrations in 
January and March. It is possiblfe that large populations of phytoplankton incor
porated most available nitrate into their cells which resulted in the low water 
column values. The high chlorophyll a concentrations appear unrelated to 
zooplankton abundances.  

The seasonal periodicity of phytoplankton peaks offshore of SONGS over long 
time periods, based on nearly five years of chlorophyll a data, appears to be 
closely related to oceanographic events rather than occurring at definite times 
of the year. Tont (1976) has shown diatom biomass to be correlated to sea sur
face anomalies. Sea level anomalies are short term deviations of measured sea 
level from the true value of mean sea level. Off Southern California these
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deviations occur when shoreward movement of typically offshore water masses "pile 
up" water against the coast creating positive anomalies, or when intrusion of 
cool California Current water into the nearshore region causes isostatic adjust
ments to sea level and the development of negative sea level anomalies. Figure 
3-11 shows mean chlorophyll a values plotted for the upper and lower stratum of 
each survey from 1975 through 1979, with monthly mean sea level anomalies (La 
Jolla NOAA data) also indicated. Periods of negative sea level anomaly occur 
when colder water and northern California Current water is present (Tont 1976).  
This brings nutrients into the coastal zone and can result in diatom blooms.  
Chlorophyll a data from the region around SONGS shows a relationship to this 
parameter. The annual peak in chlorphyll a concentration (September 1975, 
January 1976, January and March 1977, NovemBer 1978, and July and September 
1979) occurred during or immediately following, perods of relatively low sea 
level values. Similarly, periods of prolonged positive sea level anomaly such as 
July 1976 through January 1977 and September 1977 through March 1978, are asso
ciated with generally low chlorophyll a concentrations. Such anomalies are 
generally associated with surface water masses originating from the west or south 
which are depleted of nutrients and therefore not able to support high standing 
crops of phytoplankton.  
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Figure 3-11. Mean chlorophyll a and total zooplankton abundance by depth stratum for each ETS/PMP survey from 
1975 through 1979 with monthly mean sea surface anomalies shown for the same period. PMP studies 
were initiated in July 1978.  

Phaeopigment 

Phaeopigments are degredation products of chlorophyll. Therefore the pat
tern observed for spatial and temporal distribution of phaeopigment usually is 
similar to that seen for chlorophyll (Kawarada and Sano 1972). The pattern
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observed during 1979 for phaeopigment concentration off San Onofre was very 
similar to that observed for chlorophyll a.  

Like chlorophyll a, phaeopigment was higher in concentration in the lower 
stratum. This was even more definitive than was seen for chlorophyll a with 
significantly greater concentrations present in the lower stratum for alT sur
veys except January. In January phaeopigment was also higher in concentration 
in the lower stratum, but the difference was not statistically significant.  
This corresponds to the only 1979 survey in which chlorophyll a concentration 
was higher in the upper stratum. The vertical pattern of distribution of 
pheaopigment in the study area may be.explained by three factors. First, the 
normal breakdown of chlorophyll as phytoplankton cells die or become senescent 
will contribute phaeopigment to the ecosystem. This will occur in proportion to 
the amount of chlorophyll present. Since chlorophyll is generally present in 
higher concentrations in the lower depth stratum, phaeopigment will follow the 
same pattern. Second, an increase in the lower stratum will occur as phaeo
pigment originating in surface waters sinks. Third, the ingestion of phy
toplankton by herbiverous zooplankters will generate phaeopigment which will 
settle into the lower depth stratum. Herbiverous zooplankton have been shown to 
degrade nearly all chlorophyll ingested to phaeopigment in their digestive tract 
(Shuman and Lorenzen 1975). Therefore, zooplankton fecal pellets are an impor
tant contributor to the phaeopigment content of the water column. This material 
also sinks into the lower depth strata.  

Significant transect differences observed for phaeopigment concentration in 
January and November were also significant for chlorophyll a concentration. The 
upcoast-downcoast variation in phaeopigment concentration appears unrelated to 
that of chlorophyll a or any other factor measured.  

The relationship between phaeopigment concentration and isobath was also 
much like that seen for chlorophyll a. Both variables exhibited significant dif
ferences among isobaths for January and November, but phaeopigment con
centrations were also significantly different in September. During January and 
November lower phaeopigment concentration at the 30-m stations than at 10 or 
15-m stations reflects the chlorophyll distribution for those surveys. The 
September phaeopigment concentrations were higher at the 15 and 30-m stations 
rather than at the 10 or 15-m stations as seen in other surveys. This may have 
been due to the presence of a significant statistical interaction between the 
factors isobath and transect.  

Phytopigment Fluorescence Ratio 

The ratio between the fluorescence of chlorophyll and phaeopigment water 
samples can be used to assess the physiological state of phytoplankton 
populations. The ratio may vary between zero and two although a ratio of 1.7 is 
regarded as typical of healthy phytoplankton stocks (APHA 1976). Ratios below 1.7 
result from greater amounts of phaeopigment being present than would be measured 
in phytoplankton stocks in an optimal physiological state. The mean ratios 
determined for SONGS phytoplankton seldom declined below 1.5 and averaged bet
ween 1.6 and 1.7 most of the year. The presence of ratios below 1.7 during the 
year probably reflects the fact that some pheopigment enters the water column 
from degredation of chlorophyll in the digestive tract of herbivorous zooplankton 
and not from the presence of dead or senescent phytoplankton cells. The 
generally smaller ratios in the lower stratum result from proportionately higher 
phaeopigment concentrations that occur due to sinking of dead phytoplankton cells 
or zooplankton fecal pellets from the upper stratum to the lower. No explanation 
is readily available for the higher mean ratio for surface waters of the 15-m 
stations in July.
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SPATIAL AND TEMPORAL PATTERN OF ZOOPLANKTON DISTRIBUTION 

Total Zooplankton Abundance 

Biomass is a measure of "how much" zooplankton is present, whereas abundance 
is a measure of "how many". Although it does not take into account the 
taxonomic composition of the community, total abundance of organisms is a useful 
gross measure of spatial and temporal changes of population size.  

The distribution of plankton is decidedly non-random in nature (Barnes 1949, 
Barnes and Marshall 1951, Cassie 1959). Much of the longshore variability in 
zooplankton abundance may be attributed to natural patchiness in distribution.  
Studies in other areas show that zooplankton is distributed in a patchy manner 
even in relatively small areas (Cushing and Tungate 1963, Mackas 1977, Steele and 
Henderson 1977, Denman and Mackas 1978). Those factors which influence the 
distribution of plankton are summarized by Stavn (1971) as follows: (1) physical/ 
chemical boundry conditions (i.e., gradients of nutrients, temperature, salinity, 
light, temperature, food source); (2) advective effects (wind induced transport 
and turbulence); (3) behavior patterns (photo-, chemotaxis, etc.); (4) reproduc
tive rates; and (5) factors determined by competition.  

The distribution of zooplankton is expected to be closely associated with 
and reflect the distribution of its phytoplankton food source (Harvey, et al.  
1935, Raymont 1963). The phytoplankton should in turn reflect the distribution 
of its nutrient source as determined by physical and chemical boundry conditions 
(Parsons and Takahashi 1973). The major sources of nutrients in the southern 
California nearshore region are: detrital decomposition, municipal discharges, 
terrestrial runoff, and periodic upwelling of nutrient rich waters from below 
the euphotic zone. The normal pattern of longshore transport and nearshore 
currents will tend to restrict the bulk of the nutrients to the nearshore area.  
Thus, a gradient of decreasing nutrients in the offshore direction would be 
expected. This in turn should establish gradients of phytoplankton and sub
sequently a similar gradient of zooplankton. Conversely, in the longshore 
direction, the sporadic nature and location of nutrient input sources would tend 
to cause a patchy distribution of the related biotic factors. These 
associations, though simplistic, are useful as the basis for relating the 
observed physical, chemical, and biological data.  

A spatial relationship between chlorophyll a and zooplankton appears to be 
evident during most of 1979. During the January, March, September, and November 
surveys, the 30-m isobath stations had significantly lower zooplankton abundance 
estimates than did the 10 and 15-m isobath stations. In May, abundances along 
the 30-m isobath were intermediate in value. These observations correspond to 
the concentration gradients obsered for chlorophyll a. Only during July were 
anomalous zooplankton distribution patterns observed. Although chlorophyll a 
continued to be more concentrated inshore in July, zooplankton were found iin 
significantly greater numbers offshore. This inverse relationship may reflect an 
increase in zooplankton standing stocks at the expense of the phytoplankton.  
However, the relationship between chlorophyll a and zooplankton abundance is 
further obscured by the presence of significant depth-isobath and transect
isobath interaction in July. Differences in total zooplankton abundance with 
respect to transects were pronounced throughout 1979. There is generally a gra
dient of decreasing abundance proceeding from upcoast to downcoast. During five 
of the six surveys the transect located upcoast of San Mateo Point had either the 
highest or the lowest estimated mean abundance. The transect located between 
SONGS and San Mateo Point had significantly different abundance estimates than 
San Mateo Point (Transect 5) during four of the six surveys. Considering the 
nature of the coastline near San Mateo Point, these differences are probably 
attributable to differences in the hydrography of the two areas. Transects at,



3-27 

and downcoast of SONGS were generally intermediate in abundance for a given 
survey. Also, considering the proximity of the transects nearest SONGS, it is 
not surprising to find only one occasion (November) when abundances were signifi
cantly different among these transects. The above results indicate that the fac
tors responsible for the distribution of zooplankton are operating with relative 
uniformity throughout that part of the study area lying downcoast of San Mateo 
Point.  

The seasonal pattern of total zooplankton abundance for 1979 differs 
slightly from that observed in the previous four years. In these years maximum 
abundance values were found in May (1975, 1976, 1978) and July (1977) with a 
second peak observed four months later in September and November, respectively.  
During 1979 however, maximum abundance was observed in March, followed six months 
later by a second peak in September. Although extremely high chlorophyll a 
maxima occurred in July and September, concomitantly high numbers of zooplankton 
were not found.  

A factor complicating the delineation of relationships between the various 
components of the plankton and the abiotic/biotic environment is the time lag 
between the occurrence of an event and the response of an organism to the event.  
The magnitude of the lag time is dependent on the intrinsic ability of an orga
nism to respond, as well as the nature and magnitude of the stimulus. The most 
rapid growth rates for phytoplankton may be on the order of several hours but one 
or more days may be needed for a doubling of the population size (Parsons and 
Takahasi 1973). Temperate zooplankton may take as long as two to three months to 
reach maturity (Parsons and Takahasi 1973). Therefore, peaks in abundance of 
phytoplankton would not be expected to yield substantial increases in zooplankton 
until some period of time later. Conversely, reductions in plankton stocks due 
to physical perturbations are not expected to be detectable until after a lag 
period. For this reason, measurements of temperature, nitrates, and phosphates 
failed to produce a significant regression on total abundances. However, when 
measurements of the variables temperature, nitrate, and phosphates taken one 
month prior to sampling were included with those taken close to the time of 
sampling, a significant regression was generated. The highest simple correla
tions occurred with chlorophyll a measurements taken at the time of sampling and 
two months prior to sampling. Due to this relationship and because of the tran
sitory nature of plankton communities, the seasonality of observed total plankton 
abundances in the study area is probably the result of water conditions beyond 
the area of influence of SONGS.  

Zooplankters, unlike most phytoplankters, possess the ability to vertically 
migrate. Thus, zooplankton are less restricted by the physical/chemical boundary 
conditions of their environment. Diel, seasonal, and ontogenetic vertical migra
tions are known to occur in many holoplankters (Sverdrup, Johnson and Flemming 
1942, Bary 1967, Longhurst 1976) while others, particularly meroplankters, are 
closely bound to particular water layers and the origin and fate of these groups 
are largely determined by hydrographic events (Banse 1956). The efficient mixing 
of the water column achieved by the SONGS discharges may therefore have signifi
cant impact on recruitment success of the plankton community.  

The typical pattern of vertical migration results in planktonic organisms 
swimming to depths at the onset of morning light. Due to the shallowness of the 
SONGS study area (< 30 m) this should result in a compression of abundance toward 
the bottom. However, when thermal stratification is lacking, wind and current 
induced mixing over the extent of study area is not unexpected.  

Significant differences in total zooplankton abundance between depth strata 
were observed during the January, May, and September surveys. Plankton were
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found in higher numbers in the lower stratum in May and July and in the upper 
stratum in September. Examination of temperature data indicates that the water 
column was stratified during each of these surveys. Thermal stratification was 
not evident when higher abundances were found in the upper stratum during the 
January, March, and November surveys. With this one exception (September), the 
vertical distribution appears to be as expected. The reason for the anomalous 
condition noted for September is unknown.  

Zooplankton Biomass 

Biomass measurements of zooplankton are based not on the number of the orga
nisms present, as are abundance values, but rather on the mass of the organisms 
present. As such, the analysis of biomass values may yield different information 
regarding the zooplankton communities. Therefore, zooplankton biomass is very 
important for food chain considerations since it forms the link between the pri
mary producers, phytoplankton, and the secondary consumers, e.g., fish.  

The distribution of biomass was, in all areas, very similar to the distribu
tion of zooplankton abundance. During each survey in which abundance was signi
ficantly lower along the 30-m isobath than along the 10 and 15-m isobaths 
(January, March, September, and November), biomass was also found in signifi
cantly lower concentrations along the 30-m isobath. In July biomass was and 
total abundance were greater along the 10 and 15-m isobaths although not signifi
cantly so. In May, although abundance was greater along the 10 and 15-m 
isobaths, significantly higher biomass concentrations were found along-the 30-m 
isobath. The vertical distribution of total biomass reflects the distribution of 
total abundance for all surveys except September. In September, total abundance 
was greater in the upper stratum but biomass was higher in the lower stratum.  

Some differences in biomass concentration between samples may be explainable 
because of the inclusion of silt and detritus. However, in some cases the dif
ferences among the various station groupings noted above result because of the 
presence of larger organisms enumerated as "other taxa". For this reason it is 
useful to use a ratio of biomass to abundance as an estimate of the mean biomass 
per organism.  

The higher mean individual biomass values observed in the lower stratum 
throughout the year are probably indicative of the higher detritus and silt con
tent associated with water near the bottom.  

The March survey had not only the highest abundance and biomass values 
(Figure 3-5) but also the highest mean individual biomass values (Figure 3-9).  
Together these values indicate that the zooplankton community in March was rela
tively more concentrated and of higher food value than during the remainder of 
1979. The March increases in both abundance and individual biomass may have been 
associated with an undetected phytoplankton bloom occurring in February or early 
March.  

Select Taxa 

All of the designated select taxa occurred in plankton samples. Since 
numerical abundance and widespread temporal occurrence was used as a criterion 
for determining the select taxa, it would be unusual if any select taxon were 
absent throughout the year. Two taxa were absent from one survey. Podon 
polyphemoides was not found in January and Penilia avirostris was not present in 
May. The rank order of select taxa for zooplanktonta collected off SONGS from 
1975 through 1979 as part of the ETS and PMP monitoring studies is presented in 
Table 3-6. It is apparent that during this period no major changes have occurred
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with regard to which taxa are the most abundant. Acartia spp. copepodites ranked 
first in abundance throughout the period that these studies have been conducted.  
This species occurs widely in the coastal waters of both the east and west coasts 
of North America where it is commonly the most abundant organism in the zooplank
ton community (Howey 1971). Other changes which have occurred in rank order of 
zooplankton may be attributed to the expansion of the sampling program in July 
1979 to include stations farther offshore along the 15 and 30-m isobaths. This 
has resulted in an increase in the relative abundance of two taxa as shown in 
Table 3-6. Paracalanus parvus ranked third and fourth in abundance in 1978 and 
1979 respectively. Previously it ranked no higher than fifth in abundance. This 
is related to the natural distribution of this species which is distributed, with 
the center of abundance located farther offshore than was sampled in the ETS 
program. This agrees with results of other studies off SONGS (MRC 1979), which 
collected zooplankton samples from greater distances offshore than the PMP 
studies, and considered Paracalanus parvus as an offshore species. The taxon 
Clausocalanus spp. was enumerated during 1979 because of the high abundance in 
January 1979 and the fact that it had been enumerated for July 1978 as seasonally 
abundant comprising over 30% of the organisms in most samples. During 1979 this 
taxon ranked fifth in abundance. Clausocalanus is an offshore species and its 
increased importance in 1979, in terms of rank abundance, results from the expan
sion of the SONGS plankton studies farther offshore with the implementation of 
the PMP studies.  

Mean annual abundance provides a gross means of comparing changes in abun
dance from year to year. Table 3-7 shows the annual mean abundance for selected 
zooplankton taxa for the duration of the ETS and PMP studies. These data show 
that despite rather large year to year fluctuations of up to three-fold in 
magnitude, the rank abundance has not changed markedly. An obvious feature shown 
by this table is the dramatic increase in abundance of Paracalanus parvus, P.  
parvus copepodites, and Clausocalanus spp.. Paracalanus parvus was three to four 
times more abundant in 1978 and 1979 than from 1975 to 1977; P. parvus copepodi
tes were two to five times more abundant; and Clausocalanus spp. was more than 
ten times more abundant.  

Table 3-7. Mean abundance of select taxa (no/m 3 ) by survey for 1979.  

Annual 
Mean 

Select Taxa Jan Mar May Jul Sep Nov Total 

Acartia spp. 135.9 1213.7 1361.7 785.8 981.5 423.6 817.0 
coppepodites 
Acartia tonsa 58.9 661.2 320.4 513.5 446.7 191.5 365.4 
Penillia avirostris 112.3 2.5 0 0.2 140.1 4.4 43.3 
Paracalanus parvus 133.9 117.4 231.1 806.2 358.1 634.7 546.9 
copepodites 
Sagitta spp. 177.7 325.7 173.1 242.7 267.3 248.5 239.2 
Corycaeus anglicus 52.5 132.2 50.8 306.0 621.0 248.7 235.2 
Cyphonautes larvae 38.6 153.3 130.9 43.6 155.5 249.5 128.6 
Paracalanus parvus 194.2 992.0 208.6 245.2 122.1 235.6 332.9 
Labidocera trispinosa 63.7 140.7 212.2 58.8 91.1 68.5 105.8 
copepodites 
Podon polyphemoides 0 1.5 1.0 116.7 8.7 0.3 21.4 
Euterina acutitrons 4.2 240.7 68.8 37.3 47.8 16.1 69.2 
Clausocalanus spp. 704.8 168.3 12.3 53.5 259.8 586.8 297.6 
Oithona occulata 1.3 85.9 5.5 12.6 21.2 61.7 31.4 
Cypris larvae 1.8 30.8 5.8 6.0 31.7 9.0 14.2



3-30 

The results of ETS/PMP studies conducted thus far agree in general with 
other studies of zooplankton in the area of SONGS by the MRC (1979). Even 
though the PMP study area does not extend into the offshore zone defined by the 
MRC studies as from 4 to 7 km offshore, the pattern described for select taxa 
correspond.  

Certain long-term cyclic oceanographic phenomena seem to be related to the 
onshore-offshore distribution of certain zooplankton taxa. The movement 
of offshore water masses closer to shore as a response to current shifts or 
shoreward drift of offshore surface waters is demonstrted by the periodic abun
dance of the copepod Clausocalanus spp. over a five year period. Figure 3-12 
shows the mean abundance of Clausocalanus spp. by survey and monthly sea level 
anomalies. The cyclic pattern of sea level anomaly corresponds generally to the 
abundance of this copepod in the study area. High positive anomalies correspond 
to shoreward intrusion of offshore waters (Tont 1976) with their associated 
zooplankters. The abundance and composition of plankton off SONGS may vary 
periodically as the oceanographic regime in the region undergoes periodic 
changes.  
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Figure 3-12. Mean abundance of the copepod Clausocalanus spp. by depth stratum for each ETS/PMP survey from 
1975 to 1979, with monthly mean sea surface anomalies shown for the same period. PMP studies were 
initiated in July 1978. This taxon was only enumerated in July during 1978.  

SONGS UNIT 1 EFFECTS 

There was no pattern with respect to the distribution of any plankton para
meter and distance from the generating station. Since no consistent pattern of 
upcoast-downcoast variation in chlorophyll a or phaeopigment could be 
delineated, there was apparently no clear relaionship between SONGS Unit 1 
operations and the observed differences. The same was true of zooplankton 
biomass and abundance. The lack of clear patterns of upcoast-downcoast variabi
lity in concentrations with depth indicates that the operation of SONGS Unit 1 
had no significant effect on the vertical distributional patterns of chlorophyll 
a, phaeopigments, total zooplankton abundance, or zooplankton biomass at the 
rTS-PMP plankton stations. Unit 1 was operational during all surveys except 
November, when the plant was offline during the second and third days of the 
survey. There were no apparent differences in the biological data related to 
this event.  

Based on the analysis of the 1979 data, all indications are that the 
variability inherent within the plankton component of the ecosystem far exceeds 
any differences attributable to Unit 1 Operations.
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UNITS 2 AND 3 PREOPERATIONAL BASELINE OBJECTIVES 

Implementation of the combined ETS and PMP plankton sampling program in July 1978 has resulted in the gathering of more extensive plankton samples from the 
SONGS study area than previously obtained. Analysis of data has revealed spa
tial and temporal patterns of distribution of phytopigments and zooplankton that 
contribute toward establishement of baseline plankton data sets.  

Gross temporal patterns are similar to observations conducted for the ETS sampling program. Distributional patterns tend to be fairly well defined for 
spatial variability with onshore-offshore gradients and depth differences impor
tant throughout the year.  

SUMMARY 

An analysis of the data and a comparison with 1975 through 1978 results indicated the following.  

1. Chlorophyll a concentrations were lowest in March and highest in September.  Chlorophyll T concentration was also high in July. The peaks of chlorophyll 
a concentratTon in July and September were not present in previous years and they are not obviously related to any other physical or biological event 
which might be responsible for such large peaks. No consistent fattern of 
upcoast-downcoast variability was present for chlorophyll a.  

2. Phaeopigment concentrations showed a pattern of spatial and temporal distribution similar to chlorophyll a. Phaeopigment concentrations were 
generally lower at the offshore 30-m stations than at the 10 or 15-m 
stations. No consistent pattern of upcoast-downcoast distribution of 
phaeopigment was observed.  

3. Phytopigment fluorescence ratios indicate that phytoplankton stocks in the study area were in a healthy state during all surveys.  

4. Mean total zooplankton abundance was lowest in January and highest in March.  Except for July, zooplankton was more abundant at the 10 and 15-m stations 
than at the 30-m stations. However, in July the reverse pattern was found.  The total zooplankton abundance at the upcoast reference transect tended to be either higher or lower than other transects. Otherwise, no consistent 
upcoast-downcoast pattern of total abundance was observed.  

5. Zooplankton species composition and rank order of abundance for select taxa was similar to that observed in previous studies from 1975 to 1978.  
Deviations from this pattern during 1979 may be attributed to the inclusion 
of additional stations located farther offshore in the combined ETS-PMP 
studies.  

6. Zooplankton dry weight biomass was lowest in January and highest in March, paralleling the pattern of total abundance. No consistent upcoast-downcoast 
pattern of biomass was detected.  

7. Significantly higher values of chlorophyll a, phaeopigments, total zooplankton abundance, and zooplankton biomass were observed for the lower depth 
stratum.
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8. Periodic climatic patterns which affect local oceanographic phenomena, such 
as upwelling and intrusion of offshore surface water, appear related to 
biological patterns of plankton observed offshore of SONGS from 1975 to 
1979.  

9. No patterns of distribution or abundance (concentration) were observed 
that could be related to the operation of SONGS Unit 1.  

10. The inherent variability within the planktonic community offshore of SONGS 
exceeds any differences attributable to Unit 1 operations.  

PLANKTON ENTRAINMENT SPECIAL STUDY 

Section 4.3 of the Unit 1 ETS requires that a study plan to categorize and 
determine effects of plankton entrained within the circulatory water system be 
submitted for NRC approval.  

San Onofre Unit 1 is also subject to a FWPCA Section 316(b) demonstration 
which is administered by the State Water Quality Control Board for the EPA.  
Entrainment studies are an integral part of the ongoing 316(b) demonstration.  

In order to reduce redundant efforts and regulate duplication between the NRC 
and EPA a formal request to delete the NRC requirement was forwarded to the 
Commission on 15 November 1979.  
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CHAPTER 4 

INTERTIDAL 

INTRODUCTION 

The communities inhabiting the narrow boundary between land and sea which is 
alternatively covered and left exposed by the tide are remarkably tolerant of 
variations in their environment. Both an infaunal community and a rock epibiotal 
community are present in the intertidal zone near SONGS. Although both commun
ities must deal with the same rigors imposed by their intertidal situation, the 
species composing the two communities differ considerably. In consequence, they 
are discussed separately below.



CHAPTER 4A 

SANDY INTERTIDAL 

INTRODUCTION 

The intertidal zone adjacent to the San Onofre Nuclear Generating Station 
(SONGS) consists primarily of sand beaches interspersed with, and periodically 
covering, small areas of cobble. This intertidal sand habitat extends uninter
rupted from San Mateo Point to Oceanside. The coastline faces southwest and is 
exposed to the full force of oceanic swells from the west and south.  

Studies of the impact of construction associated with SONGS Units 2 and 3 
on the sandy intertidal habitat and its biota were initiated in 1974 by the 
Lockheed Center for Marine Research (Lockheed Aircraft Service 1974), and con
tinued on a quarterly basis through mid 1976. In December 1976, a modified study 
plan was undertaken by Marine Biological Consultants, Inc. (MBC 1978). These 
studies were performed as a condition of the construction permit for the San 
Onofre Units 2 and 3 project issued by the Regional Water Quality Control Board, 
San Diego Region.  

The primary objective of the continued monitoring of the sandy intertidal 
habitat and its biota is the detection and description of any impacts resulting 
from construction of SONGS Units 2 and 3. Secondary objectives include: 1) 
definition of the natural variability of the habitat and its biota; 2) documen
tation of recovery from any detected impacts following completion of construction 
activities; 3) detection of impacts on the habitat and its biota from SONGS 
Unit 1 operation; and 4) provision of pre-operational background data for inter
pretation of effects of SONGS Units 2 and 3 operation.  

The data and analyses presented in this report 'are from the third year of 
intertidal monitoring with present methods. Field surveys were conducted on 
22-23 February, 16-17 May, 6-7 August, and 4-5 December 1979. Construction of the 
cooling water intake and discharge conduits for SONGS Unit 2 and Unit 3 was 
completed in 1979, and the shallow-water disposal of dredge spoils was terminated 
in July (see also Chapter 2D, Sedimentology). Removal of the construction 
support pier continued into 1980.  

Raw biotic data were presented in the 1979 Annual Operating Report, Volume 
II, (SCE 1980) and are not included here. Raw abiotic data were presented in 
Volume I of the same report (SCE 1980).  

Biotic parameters presented and discussed in this report include: the 
number, density, and distribution of species in the intertidal community; com
munity trophic structure and diversity; species groupings at the study sites; and 
the population structure of the dominant organism, the sand crab Emerita analoga.  
These biotic parameters were correlated to abiotic factors in the study area, and 
analyzed to detect construction related effects.
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METHODS 

Prior to the initiation of intertidal surveys, the +8 ft tidal elevation 
at each transect was located by surveying from permanent benchmarks of known 
elevation. All intertidal heights were recorded as feet above Mean Lower Low 
Water (MLLW).  

During each quarterly survey, beach profiles were measured at each of 
the transects using a self-leveling surveyor's level. Profiles were determined 
from the +8 ft elevation down to the lowest tidal level of the survey day.  
Collection. levels of samples for grain sizeand biological analysis were deter
mined during beach profiling.  

Five transects were occupied during each survey (Figure 4A-1). Transects AA 
and EE were located 1,187 m northwest and southeast of the midpoint between the 
Units 2 and 3 dredge lines. Transect BB was 236 m northwest, and Transects CC 
and DD were 236 and 629 m southeast of the midpoint, respectively. At each 
transect, five replicate biological core samples were collected at seven tidal 
elevations (levels), ranging from 0 to +6 ft above MLLW. The 15.24 cm diameter by 
30 cm (5 liters) core samples were collected from the transect centerline and at 
3 m and 6 m to each side.  

The number of core samples necessary to adequately represent the sandy 
intertidal community was determined from a test collection of 25 replicates 
obtained in October 1976 using rate of species accumulation and percent detec
table change measures as criteria. At least 80% of the species at the site were 
collected in the first five cores, therefore, this level of replication was 
adopted.  

Samples were screened through a 1.0 mm mesh sieve in the field and retained 
organisms were initially preserved in 10% buffered Formalin-seawater. Preserved 
organisms were returned to the laboratory for identification. All specimens 
were transferred to 70% isopropyl alcohol in the laboratory for permanent storage 
as voucher specimens.  

Along each transect, a core sample for sediment grain size analysis was 
collected adjacent to each of the five replicate biological cores at each sampled 
tidal elevation. This practice, initiated in February 1979, differed from 
that used previously. In 1976, 1977, and 1978, only one grain size sample was 
collected at every other level (0, +2, +4, +6). This modification was instituted 
to provide more complete information on the characteristics of intertidal sedi
ments, and to allow use of sediment data in multivariate discriminant analysis of 
biotic data.  

Sediment cores were collected to a depth of 30 cm, except where cobble would 
not allow core penetration. Estimates of water temperature, and wave period, 
height, and direction were also recorded.  

Grain size distributions were determined by three complementary analytic 
techniques. Sediment particles in the gravel range (between -6 and -1 phi) were 
separated into size classes by mechanical sieving through different sized 
meshes. The retained portions were weighed and proportionally related to the 
total sample weight. Sediment particles in the sand range (-1 to 4 phi) were 
evaluated with the settling tube system described by Felix (1969) and Gibbs 
(1974). Input from the two sources was combined and analyzed using moment 
measures (Krumbein and Pettijohn 1938). A discussion of the phi scale, grain 
size statistical parameters, and their derivation is presented in Chapter 2D, 
Sedimentology.
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DATA ANALYSIS 

Three analytic techniques were applied to the intertidal data: classifica
tion analysis, principal components analysis, and weighted multiple discriminant 
analysis.  

Classification Analysis 

.This technique defines a habitat in terms of species presence and abun
dance (Clifford and Stephenson 1975). Areas with similar biota are assumed to 
constitute similar micro-environments.  

Classification analysis groups entities based on their joint attributes.  
Two classifications were performed. First, the samples were classified by their 
species composition and abundance (normal analysis), which resulted in the 
clustering of similar sites. The species were then classified by their occurrence 
and abundance at the sites, which clustered species with similar distribution 
patterns (inverse analysis). In both classifications, the flexible sorting 
strategy ( 0=.25) was used to generate dendrograms from a Bray-Curtis dissim
ilarity matrix. Prior to the analyses, raw data were transformed by square 
root to reduce the effect of extremely skewed data points, and standardized as a 
percentage of each species' maximum abundance (Smith 1976).  

The "step-across" procedure of Williamson (1978), as modified by Smith (in 
preparation) to accept quantitative data, was applied to the similarity matrix 
used in both the classification and weighted multiple discriminant analyses.  

Results of the site and species classification analyses were combined into 
two-way coincidence tables (Clifford and Stephenson, 1975) using the symbolic 
format proposed by Smith (1976). These tables provided a basis for objective 
detection of patterns in community distribution.  

Discriminant Analysis 

Weighted multiple discriminant analysis, as described by Smith (1976 and 
1978), was employed to determine the potential influence of measured abiotic 
variables on the distribution of the biota. These distributional differences were 
pre-defined by the station classification results previously discussed. The 
discriminant analyses produced a linear combination of measured abiotic vari
ables, (e.g. physical sediment features) which maximized the differences between 
the predefined groups. These linear combinations were then used to produce 
discriminant axes. The proportional contribution of each abiotic variable to the 
discriminant axis was indicated by its coefficient of separate determination 
(Hope 1969, Smith 1976), and was expressed as a percentage of the total for each 
axis. The higher the coefficient, the more influence that variable had on the 
formation of the discriminant axis. The dominant variables on each axis were then 
interpreted as factors which directly or indirectly related to the ecology and 
distribution patterns of the community.  

Weighted multiple discriminant analysis presents distinct advantages 
over an unweighted analysis (Smith 1978). In an unweighted analysis only the 
group membership information derived from the classification analysis is con
sidered in formation of the discriminant axes. Application of proportional 
weighting makes available information on the strength of group membership of each 
group component, group cohesiveness, and the order and strength of inter-group 
similarities.
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Principal Components Analysis 

The composition of intertidal sediments at SONGS was complex and ranged 
from cobble to silt-sized particles (MBC 1978). Synoptic measures such as mean 
grain size may not truly represent the sediment features that animals select.  
Subcomponents of the sediment size range (e.g. the fine sand or silt-sized 
particles) may be the actual features influencing biological distribution 
patterns (Nichols 1970).  

To summarize the patterns in sediment variables and to reduce them into a 
form suited to discriminant analysis, the data were subjected to principal 
components analysis (PCA) and a varimax rotation (Harman 1960, Orlocci 1967, 
Cooley and Lohnes 1971).  

Varimax rotation was employed to delineate the patterns of correlation in 
the factor matrix. This process attempts to rotate the space so that the variable 
correlations for an axis are either close to zero or very far from zero (i.e.  
maximize high and low correlations and minimize middle level correlations; thus, 
clearly defining the correlational patterns). After the varimax rotation, the 
axis scores are no longer necessarily independent.  

The reduction of sediment variables streamlines data handling and interpre
tation while eliminating certain problems inherent in analyzing many potentially 
redundant variables.  

The PCA with varimax defines a low dimensional abiotic space containing most 
of the patterns in the data . Axis scores were used as variables in the discrim
inant analysis to describe the various independent trends (each axis of interest 
equal to one sediment factor variable).  

The relationships between the axis scores and the original sediment size 
variables were shown in a factor matrix, which contained the correlations 
between each variable and each axis. The patterns of correlations with each axis 
were valuable in interpreting a more general sediment factor defined by the axis 
in question.  

RESULTS 

SPECIES COMPOSITION 

A total of 32 taxa were identified from the 700 five liter cores collected 
in 1979. Annelids and arthropods, represented by 14 and 11 taxa, respectively, 
comprised 99% of the fauna. Two other phyla, Mollusca and Nemertea, were rep
resented by two taxa each. The sand crab, Emerita analoga, was more widely 
distributed, and an order of magnitude more abundant than any other taxon 
(Table 4A-1).  

Fifteen taxa ranked among the five most abundant species during one or more 
surveys (Table 4A-2). The fauna was particularly depauperate in February, with 
five taxa, each represented by a single individual, tied for fifth in the 
abundance ranking. None of the five were numerically important during the year 
overall, or in any other quarter.  

Five species ranked high in abundance in more than one quarter: Emerita 
analoga, Hemipodus borealis, Pisione remota, Microspio acuta, and Eohaustorius 
washingtonianus. Emerita (the sand crab) and Hemipodus (a polychaete worn) were 
consistently the most abundant species, ranking first and second in each quarter, 
and during the year overall. The small amphipod Eohaustorius, although not



4A-6 

Table 4A-1. Intertidal transect summary table for 1979 collections by survey.  
Transect Transect Transect Transect Transect All 

AA BB CC DO EE Transects 

February 1979 

Number of Species 2 4 3 3 4 9 
Number of Individuals 5 24 7 9 23 68 
Number of Emerita 4 18 0 6 8 36 
% Individuals: Emerita 80.0 75.0 0.0 66.7 34.8 52.9 

Species Diversity (H') 0.22 0.34 0.35 0.37 0.42 0.57 

May 1979 

Number of Species 4 2 7 3 5 10 
Number of Individuals 307 357 190 35 19 908 
Number of Emerita 302 356 173 16 6 853 

% Individuals: Emerita 98.4 99.7 91.1 45.7 31.6 93.9 
Species Diversity (H') 0.04 0.01 0.19 0.45 0.55 0.14 

August 1979 

Number of Species 7 3 15 12 8 20 
Number of Individuals 103 50 56 175 114 498 
Number of Emerita 92 47 33 . 143 101 416 
% Individuals: Emerita 89.3 94.0 58.9 81.7 88.6 83.5 
Species Diversity (H') 0.21 0.12 0.74 0.37 0.24 0.38 

December 1979 

Number of Species 9 3 6 7 7 17 
Number of Individuals 34 18 6 29 40 127 
Number of Emerita 14 15 1 12 13 55 
% Individuals: Emerita 41.2 83.3 16.7 41.4 32.5 43.3 
Species DiversiTTT 0.71 0.24 0.78 0.69 0.63 0.86 

collected in February, was ranked 

Table 4A-2. Rank, percent of collection total, and third in May, fourth in August, third 
percent replicate occurrence of the in December, and third overal1. The 
five most abundant species overall and polychaete woms Pisione and Microspio 
in each survey. tied for fifth in the overall abun

Month Rank/Species %1 Cum. %2 % Occur 3  ance ranking. Each ranked fourth or 
fifth in two of the quarterly surveys 

Feb 1 Emerita analoga 52.9 52.9 20.6 
2 Hem o__q_~ i 29.4 82.3 10.3 (Tbe 4A-) Ote taa rl iv y 

3 ExcTrolana klincaidi 7.4 89.7 2.3 abundant during a single survey were: 
4 Mrosi acuta 2.9 92.6 1.1 bean clam Donax gouldii 
5 E Tonus iTTonensis 1.5 94.1 0.6 tha 
5 ExcTrolana sp. 1.5 95.6 0.6 unidentified nemertean woms in May; 
5 TillEPFF-Ts Jaeonica 1.5 97.1 0.6 5Lmrnrscr15 97.1 0.6 and in August, the beach hopper 
5 Olivella bip a 1.5 98.6 0.6 
5 Npionidae, unid. 1.5 100.0 0.6 Orchestoidea benedicti and the mole 

May 1 Emerita anoga 93.9 93.9 44.6 crab Lepidopa californica.  
2 ii i us orea is 3.2 97.1 15.4 
3 o austorius washlTngtonianus 1.2 98.3 3.4 
4 Pisione remota 0.6 98.9 2.3 Half of the exhibited 
5 onax oiTdTT 0.3 99.0 0.6 
5 NeFiltea, unid. 0.3 99.3 0.6 restricted vertical distributions 

Aug 1 Emerita analoga 83.5 83.5 58.5 (Table 4A-3). Al1 of the five most 
2 Hemipodui2boreais 3.4 86.9 9.7 abundant however, were 
3 f sii hmior 2.4 89.3 4.6 
4 Eohaustorlus washFngtonianus 2.0 91.3 1.1 collected in the upper, mid, and lower 
5 Lepidopa calitrnica 1.2 92.5 3.4 beach biotic zones described by Dahl 

Dec 1 Emerita analo a 43.3 43.3 21.7 
2_____E-ri~i 3. 6. . (1952). The majority of the species 2 enpou orais 13.4 56.7 9.7 

3 Eohaustorius waShlngtonianus 12.6 69.3 3.4 with vertically limited distributions 
4 Microspio acut 7.9 77.2 4.0 
5 s one remota 3.9 81.1 2.3 were restricted to the lower beach 

1979 1 Emerita analoga 84.9 84.9 36.4 zone and had primarily subtidal 
2 H in 7Boreal is 5.2 90.1 11.3 populations. of the 
3 Eaustorius washingtonianus 2.3 92.4 2.0 
5 Pisione remota 0.8 93.2 1.6 distributed independent of tidal 
5 g li lipioac 0.8 94.0 1.4 height are known to migrate up and 

1 Percent of collected specimens. down the beach in response to changes 
2 Cumulative percent of collected specimens. in the tide (Cubit 1969, Bowers 
3 Percent occurrence in replicates. 1964).
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SPECIES DISTRIBUTION Table 4A-3. Vertical zonation patterns of intertidal 

The number of taxa collected per Distribution Distribution 
survey ranged from 9 i n February to Height Independent Level Zone Height Dependent 
20 in August (Table 4A-1). No single High only 

transect was markedly more speciose 
than the others throughout the year +6 Orchestoldea benedicti 
(Figure 4A-2). The average species 
number per transect ranged from 3.0 *Cne usta 
/survey at Transect BB to 7.8/survey +Euxonus aii38ns A 

at Transect CC. Geographic gradients Micros in acuta 

in average species number per transect r Uveriap Mid-Kign 

(increasing downcoast of the construc- Excirolana 
tion lay-down pad, and decreasing Orchestoideacolumuiana 

upcoast of that structure) occurred in 
only the August survey, and were 
probably an artifact. Average numbers B Mid only 
of species per transect were similar None 
at all tidal levels in February and 
May. In August and December, however, 
the average number of species per Overlap Low-Mid 
transect was higher at MLLW than at None 
the other sampled levels (Figure 
4A-3). Average values ranged from 3.0 sporadic Occurrence +2 

species at level +5 to 8.0 species at 
level 0 (MLLW). Low only 

*Archaeomyvsis maculata 
No consistent pattern in distri- +1 C :01 10 uncina 

bution of species numbers by transect Ze 1dopZcT1forni a 
Lpopiers aonc 

or quarter was evident (Figure 4A-2). ____________ 

Transect BB was, however, lower in 
species richness than the other 0 .Olya moo 

transects during all surveys after +ne1usepistoos 
Februart.l Saccocirrus afinteria 

Febrary.*Scoloplos arsiiger 

A = upper beach = same distribution as in 1978 
Several coillect ions in each B:= mid beach + =species not encountered in 1978 

survey, except August, contained no C=loebac 
organisms (Figure 4A-3). Most vacant levels occurred high in the intertidal 
zone (levels +5 and +6), but some collections at all levels, except MLLW, con
tained no organisms. Absences occurred on all transects, but were most common 
along Transects CC (7) and AA (5).  

Species turnover between sampling periods was examined to measure quali
tative temporal stability of the SONGS sandy intertidal community. Species were 
lost from the community along all five transects between November 1978 and 
February 1979, then gained from February through August. One species was added to 
the Transect AA fauna between August and December 1979, but species were lost 
along the remaining transects during that period. Because of the small species 
pool, the physical stress associated with the sandy beach habitat, and the 
patchiness of the fauna, species turnover was high. Turnover at individual 
transects ranged from 67% (Transect DD between February and May) to 300% (Tran
sect DD between May and August). Net turnover between November 1978 and December 
1979 was similar to or lower than turnover between successive quarters, indi
cating that the majority of the change was seasonal. Despite the preponderance of 
seasonal change, cumulative change was also evident. At least half of the species 
observed at each transect in November 1978 were absent in December 1979.
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______________COMMUNITY DENSITY 
50 

--- ----- -- - "o- F-'-ebruary 
*Density is a measure of abundance 

0______ per unit area or volume. The density 
ay 0 values reported herein are abundance 

0per five 5 liter replicates (station 
density, or each level at each tran
sect), or abundance per 35 replicates 

00- (transect density). Equivalent srface 
KEY: area is approximately 2.36m per 

Number of Individuals five replicates or 2.6 m per tran
2.50 :Numiber of Species -26 sect. Average densities per transect 

represent the average abundances at 
the seven intertidal levels sampled 

0 -
YE-AER G 

200 along each transect during each 
quarter. Emerita analoga, which 
comprised over 80% of the intertidal 

ISO- 15 fauna over the year, so dominated the 
community (Figure 4A-2) that the data 
were also analyzed without Emerita 

LU 1(Figure 4A-4), to summarize density 
trends for other community members.  

5aue5 A total of 1601 specimens were 
collected in the 700 replicate cores 
taken in 197 , an average density of 

August t 11.4 per station (2.3 per replicate).  
Q 150- 1 0 Excluding Emerita, the total number of 

individuals collected was 241, an 
Saverage density of 1.7 per station 

e(0.3 per replicate).  

cc01 

LUl Community density (Emerita ex

0- 
0 cluded) by quarter averalgae i. per 

transect and ranged from 6.4 in 
February to 16.4 in August. Density by 

ou transect was greatest along Transect 

50-December -5 DD (17.8 individuals/quarter) and 
least along Transect BB (3.3 indivi
duals/quarter). Quarterly densities 
ranged from 32 along Transect DD in 

0 0 August to 1 along Transect AA in 
100- -10 February and Transect BB in May 

clt in theR700(Figure 4A-4).  

takCommunity density did not follow 
a trend of simple increase or decrease 
with increasing tidal height over the 

0 B DD -L An year, or in any quarter (Figure 4A-3).  TRANSCT Density at MLLW averaged 20.5/quarter for the year because of relatively 

Figure 4A-2. Survey total and annual average high August and December values at 
number of individuals and species by that level. Annual average density/ 
transect, quarter at the other four levels were 

less than half that at MLLW.
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Figure 4A-3. Community composition by transect, level, and survey.  

Inclusion of Emerita counts in the analysis changed the geographic pattern 
of density distribution (Figure 4A-2). Transect BB, which was the least densely 
inhabited transect with Emerita excluded, had the highest average density of any 
transect after Emerita were included. Transect BB was replaced by Transect EE as 
the lowest average density transect when Emerita was included. This average 
pattern was not displayed in any of the four quarters, but was approximated in 
May. Density distribution differed in each quarter, and no underlying pattern was 
detected.  

DISTRIBUTION OF EMERITA 

Emerita numerically dominated the intertidal community in each quarter and 
overall during the year. It was the most abundant organism along Transects AA, BB 
and DD during each quarter. Emerita was displaced as the dominant species by 
Hemipodus borealis along Transects CC and EE in February, and along Transect EE 
in May. The third ranked Eohaustorius washingtonianus dominated the community 
along Transect EE in December, while the community along Transect CC had no 
dominant species in December.  

Emerita was encountered along all transects in all four quarters (except 
Transect CC in February), and occurred in 36.4% of the cores collected in 
1979. The percentage of replicates in which Emerita occurred ranged from 2.9% 
along Transect CC in December to 80.0% along Transect DD in August. Lowest 
density was observed in February when 36 individuals were collected in 175 cores 
(0.2/replicate). Density increased to 853 (4.9/replicate) in May with collection 
of new recruits. Recruitment probably continued through June (Auyong, 1977) but 
density declined to 416 (2.4/replicate) by August.
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2020 Emerita was most abundant along 
FebruaryTransect BB in February, May and 

December, and along Transect DD in 

10 -10 August. Transect totals for the year 
were very similar at Transects AA and 
BB, and declined along a downcoast 

0 I 0 gradient from Transect BB to Transect 
May EE (Table 0A-1).  

20- -20 

No definite pattern of vertical 

0 distribution was exhibited by Emerita 
10 - (Figure a g-5), although the population 

was centered somewhat higher in the 
intertidal zone along Transect EE than 

0- -0elsewhere. Emerita was collected from 

August Trnscuttlsfrshtya 

w Number of Individuals all seven tidal levels during each 
NumbBr of Species survey, with repl icate occurrence 

ranging from 8% along levels +5 and +6 
ZO 30 30 in February and MLLW in December, to 

IN 84% along level +2 in August.  

20- (20 Size frequency data (Figure 4A-6) 
CO u0 indicated major recruitment occurred 

i i along Transects AA, BB, and CC between 
10- 10 L- February and May, and along Transects u DD and EE between May and August. The 

V) presence of 0 to 5mm size class 
Dm individuals throughout the year 
D b indicated sporadic or continuous low 

LQ jlevel recruitment outside the normal 
March-June spawning season (Auyong, 
1977). Over-wintering individuals in 

020 the 10 to 15 and 15 to 20 mm size 
classes were present in February along 
all transects except CC, with highest 
density along Transect BB.  

SPECIES DIVERSITY 

20- Year Average 20 Species diversity, as measured 
by the Shannon-Wiener Index (H') was 
calculated to permit comparison with 

10- 10 other studies (Table 4A-1). Such a 
comparison is most valid with refer
ence to previous data collected near 

0 1 ESONGS (MBC 1978, SCE 1979:79-RD-54) 
TRANSECT collected by the same methods. H' 

4A-4. Survey total and annual average values in Table 4A-1 represent actual 
Figuretransect diversity, and not mean 

number of individuals and species by tr tdiversity , ofd the sevneevls 
transect (Emerita excluded). diversity of the seven levels.  

COMMUNITY TROPHIC STRUCTURE 

Trophic analysis provides basic information on the functional organization 
of a community and reflects temporal changes in nutrient inputs into an area.  
Analysis of trophic structure allows determination of the importance of observed 
faunal changes in the overall pattern of energy flow within the community. Such 
analyses have been commonly used both locally (i.e. Fauchald and Jones 1977; 
EQA-MBC 1978) and elsewhere (Dexter 1969, Fedra 1977).
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Figure 4A-5. Emnerita distribution by transect, level, and quarter.  

Intertidal organisms collected at SONGS were separated into different 
trophic groups based on food aquisition behavior, the nature of food consumed, 
or a combination of both (Table 4A-4). Four basic trophic groups were represented 
in the community; raptorial carnivores, opportunistic omnivores, suspension 
feeding species, and deposit feeding species. These groups are not mutually 
exclusive, since some species can obtain food in more than one way, or use more 
than one type of food resource. Many spionid polychaetes (including Dis io 
uncinata and Microspio acuta, both occurring at SONGS) may, for instance, ee 
both by capture of particulates in the water column (suspension feeding), or by 
sifting through surface sediments for edible organic matter (deposit feeding).  
Similarly, Lepidopa californica feeds on small living Emerita (carnivory) or on 
pieces of organic debris carried through the intertidal zone by tidal and current 
movements (omnivory).
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Figure 4A-6. Ernerita size-frequency by transect and survey.  

Deposit feeding species were separated into two groups based on utilization 
of either surface or subsurface organic detritus as food. Surface deposit feeders 
generally sift through surface sediments and select organic particles. Subsurface 
deposit feeders are, however, less selective and usually ingest the sediment, 
digest organic constituents, and excrete the inorganic residue.  

Intertidal trophic structure was examined in terms of the percentage 
contribution of each trophic group to the community encountered along each 
transect. Percentage composition of species and numbers of individuals by 
trophic group were examined separately (Figure 4A-7).  

All trophic groups were represented along all transects during at least some 
quarters. Only suspension feeders, however, were found along all transects during
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all quarters. Surface deposit feeders Table 4A-4. Trophic assignments of intertidal 
were the least consistently occurring species.  
community members, appearing along Species Name Trophic Group 
only Transect CC during all four 
quarters, and in two or less quarters rchaeomysls maculata C 

7C- au~iFiba unassigned (contaminant) 
along the remaining transects. The C~ainoma muta s 

greatest variability in trophic isplouncinata SF/SDF 
composition occurred along Transect Donax gouldii SF Lmer ffaj-i To- a SF 
BB , where no two quarters were us !55soia SF/SDF 
similar in either the identity of Euzonus SSDF 
represented groups or relative group Excirolana sp. 0 
importance. Transect EE was the most Temipodus-borealis SS0F 
trophically stable transect, with four Hemipodus sp. SSDF 
of the five trophic groups represented ThsT 7unid. unassigned 

Ai~da californica C/o 
in each quarter and surface deposit u i r ona SSDF 
feeders present in half the surveys. L. zonaa SSDF 

TRiCrOsp 1 acuta SF/SDF The trophic complexity of Transect AA NIeIi, unid. C 
increased progressively through the Nphys californiensis SSDF/C 
year, with one group added to the N.ferruginea SSDF/C 
community during each quarter. No WrlVetidea cfo 
trophic group clearly dominated the o.-columblana 0 
species composition of the community. U. minor 0 

flsiioieremota SSDF/C 
Poo-cerus brasiliensis unassigned (contaminant) 

Suspension feeders averaged 45% P'oyCnaeta, unid. unassigned 
or more of the individuals at each Polyopthalmus p 5SDF 

transect during the year. Their S , 1ocruF 
percentage contribution to the total SSDF 
catch was greatest along Transect BB Spionldae, un Fd unassigned 
(89%) and least along Transect DD C = Carnivore 0 = Omnivore SF = Suspension Feeder 
(46%). Subsurface deposit feeders SDF Surface Deposit Feeder 

(represented primarily by Hemipodus, SSDF Subsurface Deposit Feeder 
the second most abundant species) were the second most abundant trophic group 
with average percentage contribution ranging from 3% (Transect BB) to 30% 
(Transects DD and EE).  

Annual average variation between transects was relatively small for suspen
sion feeders and omnivores. A geographic pattern was evident, however, in the 
average percent contribution of carnivores and both types of deposit feeders.  
Both transects upcoast of the construction laydown pad contained markedly fewer 
individuals of deposit feeder and carnivore species on the average than the three 
transects downcoast of the structure. These differences were most evident along 
Transect BB. Transects CC, DD, and EE as a group averaged over four times the 
number of carnivores and subsurface deposit feeders, and over twice as many 
surface deposit feeders as did Transects AA and BB. The downcoast transects were 
very similar in their average proportions of each of the five trophic groups.  
Transects AA and BB formed a less consistent group, but were much closer to each 
other than to the downcoast transects in average trophic structure.  

SITE CLASSIFICATION 

The five pooled replicates at each level of each transect were considered a 
"site" in the quarter classification analysis (Figure 4A-8), resulting in 35 
sites per quarter. In the combined analysis of the year's data, each site repre
sents 35 replicates (5 at each of 7 intertidal levels) providing 20 transect! 
month sites (Figure 4A-9). Site and species groups defined by the classifica
tion were serially designated with numbers and letters, respectively. A letter 
denoting collection month (i.e. F for February) was added to groups in the 
quarterly dendrograms to provide a unique designation for each cluster.
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Figure 4A-8. Site classifications for each quarter.
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Figure 4A-9. Annual site and species classification with resultant two-way table.  

Quarterly site classifications (Figure 4A-8) clustered the sites into 
seven (February and May), eight (August), and nine (December) groups. Sites were 
more often grouped by tidal level or beach zonation (as defined in Table 4A-3) 
than by transect. Grouping by transect was most prominant in February, when two 
groups consisting of sites along Transect BB were formed. Four of the seven 
tidal levels at Transect DD in May and Transect AA in December formed single 
groups. All groups in the August dendrogram contained sites from more than one 
transect.  

Group formation by sites at a single tidal level (7 groups) and sites 
within a single zone (8 groups) were equally prominent. Three groups of each 
type occurred in August, and two of each type in December. Groups containing 
only vacant sites (7M, 9D) were also present in the dendrograms.  

The annual site dendrogram (Figure 4A-9) clustered into eight groups. Some 
clustering along both transect and month lines was evident, with group 2 con
taining Transect BB during February and August, and groups 1 and 6 containing 
only May and August sites respectively. Both the latter groups consisted of 
adjacent transects. The primary dichotomy separated Transect AA in February from 
all other collections. The secondary dichotomy separated out most August and 
December collections along Transects CC, DD, and EE, but also included Transect 
AA in August.  

SPECIES CLASSIFICATION 

Records of all taxa were used in the species classifications for individual 
quarters (Figure 4A-10). Single occurrences and multispecific taxa were retained
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Figure 4A-10. Species classification and two-way tables formed by apposition of species 
and site classification for each quarter.  

to maximize the classificatory base. In the annual classification (Figure 4A-9), 
where more species were available, occurrances of taxa not identifiable to 
specific level (except Nemertea, unidentified) were deleted to eliminate redun
dant records and clarify the classification. Taxa such as Hemipodus sp. and 
unidentified Spionidae (August), were assumed to represent specimens too damaged
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or immature to allow more definitive determination which belonged to species 
occurring in the area. Two obvious subtidal contaminants (Table 4A-4) were 
deleted from both the quarterly and annual species classifications.  

In the quarterly species classifications, between three (February) and 
seven groups (August) were identified. As in the site classifications, group 
membership varied between quarters. A group including Emerita and Hemipodus, 
the two most abundant and widely distributed intertidal species, was evident 
throughout the year (BF, BM-CM, FA, FD). Two other species grouped with Emerita 
and Hemipodus in each quarter, but only Microspio acuta grouped with them in more 
than one (August and December).  

Less common species separated into groups of more variable membership.  
Groups primarily reflected vertical zonation patterns (AM, AA, DA, AD, BD, 
CD). No species groups characterized a single transect, although group AA 
species occurred only at sites on adjacent transects (CC and DD). At least 
two of the species groups (CF and DM) consisted of species which occurred 
sporadically in low numbers, and were related to each other primarily by their 
lack of distributional relationships with other species.  

Six groups were formed in the annual species classification (Figure 4A-9).  
Emerita and Hemipodus again clustered together forming a dominant species group 
(B) present in all site clusters. Group A contained species which primarily 
occurred along Transects CC and DD in August. Group C consisted of low to medium 
density species from the low intertidal in August and December. Low to medium 
density species from lower tidal levels also characterized group D, but their 
temporal distribution was broader. With the exception of Excirolana kincaidi, 
which occurred in three of the quarters, groups E and F consisted of low density 
species collected in a single quarter.  

TWO-WAY TABLES 

The two-way tables illustrate the patterns of occurrence and abundance 
of the species at the sites (Figure 4A-10). They represent the data matrix 
reorganized according to the normal and inverse classifications. Species were 
considered to be at high relative abundances when they occurred at 50% or more of 
the maximum for the species. Medium and low relative abundances were considered 
to be between 26 and 49% and 1 to 25% of the species maximum, respectively.  

One site group in May and August, and two in February were defined by the 
presence of Emerita only. No other site groups were characterized by a single 
species. Some site groups occupied by a single species group occurred in each 
quarter (1F, 2F, IM, 6M, 7A, 4D, 6D). Most other site groups contained two 
species groups, some differentiated only by differences in relative abundance 
(i.e. 3M and 4M, both containing sites characterized by species in groups BM 
and CM). Sites in group 8A had a particularly diverse fauna drawn from six of 
the seven species groups.  

In the annual two-way table (Figure 4A-9), site group 1 was occupied 
only by species from group B. Group B species were not, however, restricted 
to sites in group 1, and occurred in all eight site groups. No site group 
contained members from all six species groups. High relative abundance, par
ticularly of species in group A, characterized site group 6. Similarly high 
relative abundances in species groups C and D characterized other site groups 
(7 and 5, respectively). The remaining site groups were defined primarily by 
various density combinations of Emerita, Hemipodus, and Pisione (all in species 
group B).
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Discriminant Analysis Table 4A-5. Variables considered in the multiple 

Multiple discriminant analysis Variable discriminant analyses. Abbreviation 
was employed to identify those abiotic 
features which were associated with Beach cross-sectional area A 
biotic distribution patterns. The Lower beach slope S 
variables used in the analyses and Surf temperature T Beach Width W 
their abbreviations are listed in Tidal level L 
Table 4A-5. They consist of sedimen- Sediment factor 1 SF1 
tological factors (abundance of grain Sediment factor 2 SF2 

Seietfactor 3 SF3 size classes and distributional Sediment factor 4 SF4 
statistics), descriptors of beach Sediment factor 5 SF5 
structure, and surf temperature. Sediment factor 6 SF6 

Di scrimi nant analysis produces Table 4A-6. Coefficients of separate determination 
linear combinations of abiotic vani- from the discriminant analyses. (The 
ables (axes) which best separate the magnitude of those elements under

lined indicates their relative im
station groups predefined by tVhe portance in the formation of the dis
classification analysis. The relBative criminant axes).  
importance of a variable in the Axis 1 Axis 2 Axis 3 
construction of a discriminant axis is 
indicated by the magnitude of its February 

coefficient of separate determination Lower beach slope 8.1 21.8 54.6 
Surf temperature 20.5 57.0 25.8 (Table 0-6). The most important Sediment factor 1 F1T T 

variables are indicated on the Sediment factor 2 5.5 1.3 4.3 
discriminant axes which depict group Tidal level 63.7 17.4 0.9 
separations (Figures 4A-lla-e). A may 
vector diagram is presented on each Beach cross-sectional area 39.2 9.4 11.8 
discriminant figure indicating the Lower beach slope 14.2 11.6 2.3 
direction of increase of the important Surf temperature TW 5.4 31.2 

Sediment factor 1 0.8 
Sediment factor 2 T 3.5 10.3 

sediment textural features with the Sediment factor 3 2.5 6.8 14.0 
sediment factor variables considered Sediment factor 5 9.1 49.5 15.7 
in the discriminant analyses are Tidal level 0.4 1.9 

listed in the Factor Matrix resulting August 
from the PCA and the varimax rotation Beach cross-sectional area 18.3 29.8 24.8 
(Table 4A-7). Sediment features Lower beach slope 1.8 2.6 6.2 
positively correlated with an axis Surf temperature 20.9 40.9 11.5 
i rae r in te Sediment factor 1 15.3 
cnsu inSediment factor 2 dcma 1.2 

by the corresponding vector arrow. Sediment factor 3 3.8 4.5 0.6 
Sediment factor 4 0.2 0.4 0.4 

Those sediment features negatively Sediment factor 5 6.3 2.4 36.3 
correlated with the sediment factor Sediment factor 6 1.1 2.8 
increase in the opposite direction and Tidal level 6.1 3.4 1.3 
are indicated on the figures by a 
dashed line. The important variables 
are interpreted in relation to com- Beach cross-sectional area 1.1 9.8 0.0 

Lower beach slope 0.3 46.4 0.0 
munity structural and distributional Beach width 18.8 e7 ac 
differences. Surf temperature 2.4 0.2 

Sediment factor 1 65.6 9.6 6.8 
Sediment factor 2 v a7.3 12.0 

The biotic site classifications Sediment factor 3 0.5 1.5 5.4 
rely on variations in species compo- Sediment factor 4 0.9 5.4 41.6 
sition and relative abundance for site Tidal level 0.2 12.4 
clustering. The small number of 
species in the community, their generally low density and frequency of occur
rence, and the tidal height independence of most abundant species all contribute 
to group overlap in the discriminant plots. Despite the transformation and 
standardization of biotic data prior to analysis, the presence and relative 
abundance of Emerita dominated the classification analyses. The broad areas of
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Table 4A-7. Sediment factors derived from principal components analysis and varimax 
rotation.  

Phi Sediment Factor 1 Sediment Factor 2 Sediment Factor 3 

Class Feb May Aug Dec Feb May Aug Dec Feb May Aug Dec 

Small cobble -7< -6 0.28 0.02 -0.04 

Very coarse gravel -6< -5 0.98 0.48 -0.03 -0.02 0.02 -0.04 
Coarse gravel -5< -4 771 W TlM -0.03 0.06 -0.03 -0.03 0.16 0.10 0.92 
Medium gravel -4< -3 M T79 -0.23 -0.11 0.07 -0.03 -0.13 0.20 0.26 -0.03 UT.7 0.04 
Fine gravel -3< -2 7T DigS -0.01 -0.01 0.08 -0.03 -0.92 0.57 0.48 0.04 T =. 0.48 
Granule -2< -1 T77 T5 0.15 0.15 0.11 -0.45 -0.83 T.TT 0.89 0.67 -0.13 0.93 
Very coarse sand -1< 0 -0.07 -0.16 0.55 0.55 0.43 =TTT T97 0.62 TT 7 7TT -0.03 T 7 
Coarse sand 0< 1 -0.35 -0.54 T -F § 0.77 0.40 0.18 _T7 U1T 0.05 -0.05 _T P 
Medium sand 1< 2 -0.43 -TT= 7U-T7 T . 7T TlDF 0.05 -0.26 -0.64 -0.89 -0.18 -0.41 
Fine sand 2< 3 -0.01 -0.17 -0.95 97 -0.95 -0.33 0.12 -0.09 707 T 11 0.12 -0.04 
Very fine sand 3< 4 0.00 -0.29 777 1 0.15 0.07 -0.04 -0.23 -0.02 0.24 0.01 
Coarse silt 4< 5 797a, -0.04 -0.04 

phi (moment) -0.68 -0.74 -0.90 -0.91 -0.57 -0.04 0.29 -0.23 -0.43 -0.39 0.06 -0.32 

phi (Moment) -T7T TM -T. TT7 T 0.15 -0.88 0.87 0.67 0.09 0.28 0.12 
Skewness phi (Moment) 777 _-174 0.84 0.90 0.90 0.39 T 7 U 77 0.11 -0.08 0.21 
Kurtosis phi (Moment) -0.15 -0.45 707W T-T T YBl -0.79 0.25 -0.46 -0.34 0.13 -0.04 0.46 
Sharp & Fan Sorting (25 ints) -0.46 TZE -0.19 T TJ 7U7 0.85 H -0.80 -0.21 -0.07 UUM 

Phi Sediment Factor 4 Sediment Factor 5 Sediment Factor 6 

Class Feb May Aug Dec Feb May Aug Dec Feb May Aug Dec 

Small cobble -7< -6 -0.84 0.07 
Very coarse gravel -6< -5 0.05 _-M 0.01 
Coarse gravel -5< -4 -0.03 TTT -0.18 -0.06 -0.07 -0.07 
Medium gravel -4< -3 -0.06 -0.25 0.03 -0.95 -0.14 0.07 0.04 
Fine gravel -3< -2 -0.16 -0.09 0.15 7TI0 -0.15 0.03 0.19 
Granule -2< -1 -0.19 0.14 -0.42 -0.04 -0.13 -0.08 -0.07 
Very coarse sand -1< 0 0.29 0.13 -0.58 -0.10 -0.19 -0.18 -0.34 
Coarse sand 0< 1 0.49 0.12 -0.00 -0.05 -0.66 0.02 0.10 
Medium sand 1< 2 -CT3 0.19 0.91 0.26 T -0.16 - -0.17 
Fine sand 2< 3 -0.21 0.03 7T -0.08 0.86 0.11 0.14 
Very fine sand 3< 4 0.20 -0.03 -0.18 -0.04 U 9 0.48 0.14 
Coarse silt 4< 5 -0.07 -0.05 

phi (Moment -0.13 0.37 0.20 0.04 0.39 TT 0.16 
phi (Moment) -0.15 -0.23 -0.10 -0.33 0.02 0.07 -0.31 

Skewness phi (Moment) 0.03 -0.51 -0.21 0.18 -0.47 -0.05 -0.43 
Kurtosis phi (Moment) 0.26 0.03 -0.15 -0.07 0.29 -0.05 _0ll8 
Sharp & Fan Sorting (25 ints) 0.16 0.09 0.03 0.01 0.01 0.00 TTO 

factor 1, surf temperature, and lower 
beach slope (Table 4A-6). The gravel Table 4A-8. Percent of group separation accounted 

size classes, particularly fine and for by each discriminant axis.  
Cumul ative 

medium gravel had strong positive Survey Axis Percent Percent 
correlations with sediment factor 1, 
while sand fractions (particularly February 1 71.2 71.2 

coarse sand) were negatively corre- 2 23.8 95.0 

lated (Table 4A-7). Sediment factor 5 3 3.6 98.6 
4 1.4 99.9 

was the dominant variable on Axis 2. 5 0.1 100.0 
Fine and very fine sands had high May 1 72.9 72.9 
positive correlations with this 2 15.4 88.3 
sediment factor, while coarser frac- 3 9.2 97.5 
tions (particularly coarse sand) were 4 1.4 98.9 

5 0.9 99.8 
negatively correlated. Discriminant 6 0.2 100.0 
Axis 3 primarily represented variation August 1 89.1 89.1 
in surf temperature. 2 4.5 93.6 

3 4.3 97.9 
4 1.0 98.9 

Two axes separated the eight site 5 0.7 99.6 
groupings in the August classification 6 0.3 99.9 
(Figure 4A-11d). Axis 1 accounted for 7 0.1 100.0 

89.1% of the variance between groups November 1 88.3 88.3 
2 5.7 94.0 

while Axis 2 accounted for 4.5% (Table 3 3.0 97.1 
4A-8). Dominant variables on Axis 1 4 1.9 99.0 
were sediment factor 1, surf tempera- 5 0.7 99.6 

6 0.3 99.9 
ture, and beach cross-sectional area* 7 0.1 100.0 
Surf temperature and beach cross-
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sectional area also dominated Axis 2. Sediment factor 1 had high positive 
correlations with coarse and very coarse sands, and high negative correlation 
with fine and very fine sands (Table 4A-7).  

Two discriminant axes separated the nine groups identified in the December 
site classification (Figure 4A-11e). Axis 1 accounted for 88.3% of the between 
group variance, while Axis 2 accounted for 5.7% (Table 4A-8). Dominant variables 
on Axis 1 were sediment factor 1 and beach width. Lower beach slope dominated 
Axis 2 (Table 4A-6). Larger sand size classes (particularly coarse and medium 
sands) had high positive correlations with sediment factor 1, while small sand 
size classes (fine and very fine sands) had strong negative correlations (Table 
4A-7). Beach width, which was eliminated as a variable prior to discriminant 
analysis in May and August because of very high correlation with beach cross
sectional area (r=.97 in May, r=.96 in August) was included in the December 
discriminant analysis. In December the correlation with beach cross-sectional 
area decreased and reversed sign, thus both variables were used in the analysis.  

DISCUSSION 

The sandy intertidal habitat is typified by wide fluctuations in temperature 
and substrate stability caused by the interaction of changing tides, oceano
graphic conditions, and local meteorology. Such rigorous environments are usually 
inhabited by communities which are physically accomodated rather than biolog
ically accomodated. That is, the composition and structure of the community are 
primarily determined by physical habitat variability rather than biological 
interactions between species (i.e. predation and competition).  

The sandy intertidal community at SONGS conforms to these generalizations.  
It is depauperate, since few species have successfully adapted to the harshness 
of the sandy intertidal habitat, and displays wide temporal fluctuations as do 
the beaches. As discussed previously (SCE 1979), the community inhabiting the 
beaches near SONGS is fairly typical of sandy intertidal communities elsewhere in 
the southern California area (as described by Straughan 1977). The two species 
which differentiated the SONGS community from that at other local sites in 1978, 
Pisione remota and Excirolana kincaidi, remained prominent in the community in 
1979.  

SPECIES COMPOSITION AND RICHNESS OF THE COMMUNITY 

The species composition of the community in 1979 was similar to that 
observed in previous years (MBC 1978, SCE 1979). The majority of the species 
turnover between quarters and between years apparently resulted from additions 
and deletions of predominantly subtidal species on low tide terraces. The true 
intertidal species were present in the community in 1979 and have been numer
ically important since the study began. Vertical distribution of community 
members in 1979 was also similar to that recorded in 1978 (Table 4A-3).  

Geographic distribution of the community did not follow a longshore gradient 
with numbers of species per transect increasing unidirectionally, nor was 
a radial pattern centered on the construction lay-down pad evident. Most and 
least diverse transects generally differed in identity from quarter to quarter.  
The community along Transect BB was, however, less diverse than that at other 
transects except in February. On the average, transects downcoast of the con
struction lay-down pad were slightly more speciose than either of the upcoast 
transects. Transect CC, closest to the shallow water dredge spoil deposition and 
site of onshore spoil distribution, was on the average more speciose than any 
other transect, even if its high August species count (15) was not included.  
During both May and August, 70% or more of the species in the community were
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encountered along Transect CC. Over the year species richness was depressed 
upcoast of the construction lay-down pad (Transect BB), and enhanced downcoast 
(Transects CC and DD). Transects at greater distances from the pad, both upcoast 
and downcoast, appeared unaffected.  

DENSITY OF THE COMMUNITY 

The number of individuals collected on sandy beaches near SONGS has de
creased during each sampling year; from 4543 in 1977 (grunion eggs excluded), to 
2085 in 1978 and 1601 in 1979. This represents a 54% decrease between 1977 and 
1978, and a 23% decrease between 1978 and 1979. The net decrease approximates 65% 
over the two year period.  

This might be interpreted as a result of reduced settlement of Emerita, 
which, as the community dominant, contributed the majority of the total abun
dance. Emerita abundance has declined in each year; by 57% between 1977 and 1978, 
and by 21% between 1978 and 1979, for a net decline of 66% over the period. The 
rest of the community has not, however, remained static; declining a net of 53% 
over the period (27% between 1977 and 1978, 35% between 1978 and 1979). The 
density decline is thus a feature of the entire community and not just of the 
Emerita population. During the course of the construction program the rate of 
either larval settlement, recruitment success, post recruitment mortality, or 
some combination of these factors has changed in the SONGS area.  

Patterns of density over time were examined by transect to see if the 
decline in density was related to construction. The percentage decline in density 
between 1978 and 1979 was higher than the area average along Transects CC and 
DD for community density, Emerita density, and density of species other than 
Emerita. Transect BB had increased community density and Emerita density between 
1978 and 1979, but had a higher than average decrease in density of species other 
than Emerita during that period. All of the above observations pertain to total 
abundance for each year. Despite the low 1979 catch none of the three transects 
closest to the construction activity had a higher than average net decline 
between 1977 and 1979 in any of the three density parameters.  

RELATIONSHIPS BETWEEN THE INTERTIDAL BIOTA AND ITS PHYSICAL ENVIRONMENT 

Most of the physical variables considered in the multivariate discriminant 
analysis are correlated with the prevailing oceanographic factors of wave force, 
period, and direction. These three variables, together with tidal movements, 
current patterns, and meteorological conditions control the amount, direction, 
and net result of sediment flux.  

The physical structure of the SONGS beaches (expressed as beach width, 
upper and lower beach slope, and beach cross-sectional area) is produced by 
the interaction of the above oceanographic factors with the local sediment 
patterns. A variety of grain size statistical parameters (s phi, a phi, skewness, 
kurtosis, sorting) were included in the analyses, as were the proportion by 
weight of the sediments belonging to each phi interval grain size class.  

Such sedimentological features have been suggested as important factors 
in the distribution of infaunal organisms. Sediment selectivity by newly settling 
larval forms (Wilson 1952), as well as by adults, has been reported (Nichols 
1970, Gray 1974, Johnson 1971). Since these organisms are dependent on the 
substrate as habitat, and in many instances as their food supply (deposit 
feeders), such selectivity is not surprising. Emerita, for instance, strains 
suspended material from returning wave swash (Efford 1966), and, therefore, must 
maintain a feeding site in the swash zone. Emerita can respond to changes in
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sediment fluidity caused by variations in swash (Cubit 1969), however, the 
sediments must also permit rapid burrowing or the crabs will lose their position.  

If sediments are too compact (either too fine, or too poorly sorted) to allow 

rapid penetration, or too coarse for the crabs to move, then they are washed 
downslope by the returning swash. Sediment grain size can thus have a major 
influence on intertidal infauna, even those with both high motility and no 

dependence on the sediments for food.  

The relationship between sediment grain sizes and the distributions of 
intertidal organisms in the Los Angeles-Long Beach Harbor area was examined by 
Straughan and Patterson (1975) and Straughan (1975). Their data indicated a 
strong relationship between sediment parameters ( - phi, and sorting) and the 
distributions of the species using Spearman's Rank Corelation analysis. Further 
analysis using individual grain size classes was not attempted.  

Water content of the sediments, suggested as a major habitat variable for 
intertidal species by Straughan (1977), was not measured in this study. Present 
sampling protocol of collection on a receding tide at the upper edge of the swash 
zone should ensure that interstitial water was at or near saturation levels 
regardless of sampling height.  

Organic carbon levels were not evaluated for intertidal sediments, since 
Auyong (1977) found no correlation between availability of organic carbon and 
either density or distribution of organisms at San Onofre. Smith and Straughan 
(1979, however, reported organic material to be significantly related to Emerita 
analoga density on a size specific basis from analysis of Santa Monica Bay 
collections.  

The discriminant analyses based on the variables discussed above produced 
some unexpected results. Preliminary expectations based on previous correlative 
and discriminant analyses were that beach structural features and sedimen
tological parameters would be the important physical factors influencing the 
distribution of the biota. This was clearly not the case in February 1979 when 
tidal level and surf temperature were the dominant physical variables. The 
paucity of biotic data (only 68 individuals were encountered, 36 of them Emerita) 
probably contributed to the observed pattern. Difficulties with a classification 
based on so little data are evident from the number and position of isolated 

group members in the discriminant space. The large central group (group 7 in 
Figure 4A-11a) contained sites lacking any organisms (except CC4 and AAO, which 
had one and three individuals, respectively). Despite the small collections, 
biotic data such as the distribution of Emerita predominantly at lower tidal 
levels is not unusual in winter. Since Emerita are protandric hermaphrodites 
(Efford 1966) which overwinter as females, and females are reported primarily 
from low intertidal and subtidal areas (Efford 1965), the majority of the 

population should occur at lower levels in winter.  

The May discriminant analysis was based on a classification using much 
more biotic data. Since almost 94% of the collected organisms were Emerita, group 
overlap was apparent (Figures 4A11-b,c). Although tidal level and surf tempera
ture retained some importance in the analysis, beach structural and sediment 
parameters dominated the first two axes (Table 4A-6). Best separation was of 
sites in group 6 (Figures 4A11-b,c). Emerita absence, absence or presence in low 
density of Hemipodus, and presence of a few low tide terrace species found at no 
other sites Figure 4A-10) characterized these sites biologically. The sites 
were physically characterized by low beach cross-sectional area, lower surf 
temperatures, relatively higher mean grain size and percentage fine sands, and 
decreased concentrations of coarse sediment fractions.
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The three remaining groups overlapped, even after rotation to include 
the third discriminant axis (Figure 4A-11c). The Emerita population was centered 
in the region of the discriminant space typified by sites in the 4-5 group 
(Figure 4A-11b), although Emerita were collected at sites in all groups except 6 
and 7 (which consisted of two vacant sites). Physical factors correlated with 
increased Emerita abundance on the first two axes were decreased mean grain size 
accompanied by addition of some coarse material to the sediments; wider beaches 
of large cross-sectional area, relatively flat lower beach slopes, and relatively 
warmer water. Pisione occupied much the same central area as did Emerita. Center
points in the Axes 1-2 discriminant space of the Hemipodus and Eohaustorius 
populations were both shifted towards sites typified by sandier sediments of 
higher mean grain size with few coarse elements; and relatively flat and cool 
lower beaches on narrow beaches of low cross-sectional area. Examination of Axis 
3, although it accounted for an additional 9.2% of the variance (Table 4A-8), did 
not appreciably improve the coherence or separability of the groups overlapping 
near the center of the discriminant space (Figure 4A-11c).  

The August discriminant analysis was separable into three partially over
lapping groups. Overlap between the 1-2-3 composite group, and the 4-5-6 com
posite group was considerable, while the 7-8 composite group was virtually 
separate (Figure 4A-11d). Emerita and Hemipodus were both almost absent from 
sites in the 7-8 group, which had a biota drawn primarily from species groups AA, 
BA, CA, and DA (Figure 4A-10). Physical variables separating sites in the 7-8 
composite were those negatively correlated with sediment factor 1; increased mean 
grain size and larger percentages of fine and very fine sands. All of the four 
sites in the group were low intertidal sites at either the +1 ft or MLLW levels.  
All transects except BB were represented in the group. Since the sediment size 
classes important at the 7-8 composite group sites also typify the inshore 
sublittoral zone (Chapter 2D) the group might be construed as representing low 
tide terraces constructed of fine sublittoral sands moved onshore by long-period 
summer waves. Examination of August beach profiles (Figure 2D-6) revealed that 
all transects except BB did indeed have some sort of very flat low tide terrace, 
with those along Transects AA, CC, and EE being accretional. The biota also 
supported this interpretation, as the majority of the species were restricted to 
the lower beach zone and represented intertidal extentions of primarily subtidal 
populations (Table 4A-3).  

The remaining group composites 1-2-3 and 4-5-6 had a less vertically 
restricted fauna of true intertidal species (Figure 4A-10). Emerita was a charac
teristic species at sites in both composites. The occurrence of Emerita in over 
half of the replicate cores (Table 4A-2) and its numerical dominance (83.5% of 
the August collection) contributed to the large overlap between the groups 
(Figure 4A-11d). Hemipodus was restricted to sites in the 4-5-6 composite, except 
for site DD2 which was in the overlap area. The physical variables important on 
Axes 1 and 2 were the same, but their relative importance differed. The size and 
distribution of the composite groups in the resulting discriminant space obscured 
any pattern of relationship in the August data.  

The results of the December discriminant analysis were more readily inter
preted. Four groups and one group composite (groups 1,2,3 and 4) were adequately 
separated by the first two axes. Group 9 is not shown in Figure 4A-11e because it 
consisted of vacant sites. Group 7 was biologically characterized by two species 
groups of low intertidal terrace taxa, as was composite group 7-8 in August. As 
in August fine and very fine sands were the most important sediment classes at 
sites in the group. Sites in group 8 were also well separated in the discriminant 
space, with relatively flatter slopes than any other group, and coarser sand 
sediments than group 7 sites. Group 8 was biologically characterized by absence 
of dominant species and the presence of low tide terrace species (Figure 4A-10).
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Sites in composite group 1-2-3-4, group 5 and group 6 were all very close or 

partially overlapping in the Axis 1-2 discriminant space. They were characterized 

by various density combinations of the Emerita and Hemipodus populations. The 
sites had coarser sand sediments than those in groups 7 and 8, particularly those 
sites with Hemipodus at high relative density (groups 3 and 6). Site patterns in 
relation to beach width, slope, and level were not consistant. The population 
centers of both Emerita and Hemipodus were concentrated at sites typified by 
medium, coarse, and very coarse sands, and skewed grain size distribution.  

Except in February, the factors most important in explaining biological 
distribution patterns were the beach configuration and sediment characteristics.  
Intertidal organisms seemed particularly responsive to variations in the propor
tions of the various sand classes, and to the slope of the lower beach.  

PHYSICAL CHANGES AT SONGS AND THEIR BIOLOGICAL EFFECTS.  

The annual cycle of natural beach erosion and accretion resulting from 
longshore sand transport and seasonal oceanographic changes accounted for the 
majority of beach variability at SONGS. Unusual or anomalous physical conditions 
in the intertidal zone were restricted to: 1) partial interruption of long shore 
sand transport by the construction lay-down pad; 2) stability along Transect BB 
in both beach form, beach width, and grain size distributions resulting from 
sand impoundment by the pad; 3) instability along Transect CC resulting from 
upcoast sand impoundment and intermittant disposal of dredge spoil; and 4) 
presence of an unbalanced sand facies at MLLW of Transect DD in August, presum
ably a result of spoil disposal.  

The biological effects of the above physical modifications did not appear 
pronounced. Along Transect BB the steeper slope at lower tide levels which 
persisted throughout the year and the lack of the typical summer grain size 
shifts towards finer sand sediments at low levels depressed community diversity.  
Since the groin has filled and should remain filled barring heavy storm activity 
accompanied by south swell, the present depressed community diversity along 
Transect BB should persist.  

The instability along Transects CC and DD (Figure 2D-6) did not reduce 
the diversity of the community. To the contrary, Transects CC and DD were more 
species rich on the average than either of the transects (AA and EE) which were 
farthest removed from the lay-down pad (Table 4A-1). The decrease in average 
community density along a downcoast gradient (Figure 4A-2) seemed to reflect 
vagaries in Emerita recruitment rather than response to beach structures.  

The presence of anomalously high proportions of coarse sand in the sediments 
at MLLW of Transect DD in August was presumed to represent some of the almost 
27,000 m3 of dredge spoil deposited just downcoast of the pier in shallow water 
during June and July (Table 2D-1). The biotic responses were: 1) high species 
richness; 2) relatively high density of community members other than Emerita; and 
3) absence of Emerita. Since Emerita occurred in over 80% of the August repli
cates, was found at all other sampling levels along Transect DD, and occurred at 
MLLW at the four other transects, it is highly probable that sampling error was 
not involved.  

The biota at MLLW of Transect CC in August was also species rich, and 
community members other than Emerita were relatively dense. No anomalies were 
found in the statistical properties of the sediments, however. The density and 
species richness found in August at MLLW on both transects had largely disap
peared by December, as had the sediment anomaly at Transect DD.
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Although there is little indication of lasting damage to the biota caused 
by SONGS-induced modifications of sandy beaches, the continued decline in the 
density of the population is of concern. It is quite possible that the observed 
decline is but one phase of multiannual cyclic phenomena connected with long term 
oceanographic trends. It is also possible that the decline may be a result (at 
least in part) of the presence of the construction support structures on the 
beach at SONGS, and the sediment transport modifications they cause. The higher 
than average density decline at the three transects (BB,CC and DD) which appear 
influenced by the lay-down pad in 1979 supports the latter interpretation.  

The annual site classification was used as a summarization of available 
biotic data. Transects BB, CC, and DD (affected by beach structures) and Tran
sects AA and EE (unaffected by beach structures) were not separated in the 
cluster analysis. Transects AA and EE were represented in all groups defined by 
the first three dichotomies. Thus, although SONGS effects were detected along 
three transects, the community there was still basically the same as that found 
along unaffected transects nearby.  

SUMMARY 

The results of the intertidal sand monitoring in 1979 may be summarized as 
follows: 

1. All sites at SONGS, despite considerable variation over time, contained 
a single sandy intertidal community.  

2. Classification analysis revealed the underlying similarity of the 
biota along all five occupied transects.  

3. No evidence was found in the annual classification for the existence of 
a discretely different faunal assemblage at any one transect, in any 
part of the study area, or during individual quarters.  

4. Comparisons with other exposed sandy beaches in the Southern California 
Bight indicated that the biota at SONGS, while basically similar, 
differed from that of other areas by the presence of Pisione remota and 
Excirolana kincaidi as characteristic community members.  

5. Weighted multivariate discriminant analysis indicated that beach shape 
and grain size parameters were the abiotic factors most closely asso
ciated with biotic distributional differences.  

6. Changes in the beach profile at sites adjacent to the construction 
lay-down pad and and trestles were evident. These changes were probably 
a direct result of construction activities and the temporary structures 
associated with them.  

7. Species richness was depressed immediately upcoast of onshore structures 
and enhanced within 500 m downcoast.  

8. Intertidal community density has declined throughout the area since 
1977, and at a more rapid rate within 500 m of the construction lay-down 
pad since 1978.
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9. Changes in the intertidal community seem associated with construction 
activities, although no mechanism is apparent.  

10. Operation of SONGS Unit 1 had no apparent impact on the sandy intertidal 
biota.  
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CHAPTER 4B 

INTERTIDAL COBBLE 

INTRODUCTION 

This chapter presents a brief characterization of the SONGS intertidal cobble 
environment followed by a historical summary of studies conducted in the SONGS 
cobble areas. Data collection and analysis methodologies are described and the 
results and analysis of 1979 data are presented. The 1979 results are compared 
to results of previous SONGS intertidal studies and discussed in relation to 
possible effects of SONGS operation. The 1979 biological data used in this 
Analysis Report are contained in the Annual Operating Report, San Onofre Nuclear 
Generating Station, Volume III, Biological Data 1979 (SCE 1980c).  

APPROACH 

Qualitative intertidal data were collected in the vicinity of the SONGS 
discharge and a representative reference area outside the area of probable 
discharge influence. Data analysis is directed at determining temporal trends 
and comparing study and reference areas. Field observations include photographic 
records, abundance estimates for the two most abundant taxa, estimates of percent 
sand composition of each quadrat, and qualitative observations.  

BACKGROUND 

The intertidal cobble habitat in the vicinity of SONGS is limited to relati
vely small rocky areas interspersed among the larger areas of sand beaches. The 
areas at Stations 1 and 2, upcoast of SONGS (Figure 4B-1), have generally exhi
bited the largest expanses of cobble during past studies. The cobble habitats 
immediately upcoast of SONGS (Station 3) and downcoast of SONGS (Stations 4 and 
5) exhibit smaller expanses of cobble than Stations 1 and 2. These downcoast 
habitats have steeper beaches and generally have a mixture of cobbles and 
boulders thinly covering a bedrock base.  

The cobble habitats upcoast of SONGS (Stations 1, 2, and 3) are subject to 
periodic exposure to fresh water and detritus/sediment burdened runoff from San 
Mateo and San Onofre Creeks. The entire coastal intertidal area under con
sideration is subject to moderate to heavy surf and shifting of cobble occurs 
constantly due to natural phenomena and human activities. Sand moved by 
longshore drift often partially or totally covers the cobble areas for varying 
lengths of time. In general, the intertidal cobble environment is highly 
unstable, subject to extensive substrata shifting, sand inundation, considerable 
natural temperature variation, desiccation, and salinity changes.  

Studies of intertidal sand and cobble biota have been conducted in the vici
nity of SONGS since 1963. Results of early qualitative studies conducted from 
1963 through 1972 were summarized and reviewed by Parr (1973) and Given (1973).  
Parr (1973) stated that biological differences in the major cobble areas reflect 
differences in substratum quality, exposure, and wave action. Given (1973) 
concluded that there had been no long-term effect on cobble beach biota as a 
result of the construction or operation of SONGS Unit 1.
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Studies continued from 1973 to 1975 in compliance with California Regional 
Water Quality Control Board, San Diego Region requirements for the SONGS Unit 1 
Marine Environmental Monitoring (LCMR 1974b, 1974c, 1975f) and SONGS Units 2 and 
3 Sand Disposal Study (LCMR 1974a, 1975a, b, c, d, e, 1976a, 1976b). In November 
1974, coordination of environmental monitoring programs resulted in formation of 
the SONGS Unit 1 Environmental Technical Specifications (ETS) Program that 
fulfilled both California Regional Water Quality Control Board and Nuclear 
Regulatory Commission (NRC) requirements as described in the ETS, Docket No.  
50-206.  

The ETS intertidal field program began in February 1975 when a preliminary 
survey was conducted to establish five permanent intertidal stations in cobble 
areas. Station locations were based on (1) available similar substrata and habi
tat types, (2) historical extent of the surface water thermal field of the SONGS 
Unit 1 cooling water discharge, (3) similar flora and fauna, and (4) proximity to 
previously established intertidal stations studied during past surveys. Surveys 
were conducted quarterly, tides permitting, until mid-1977.  

Human activity (e.g., tide pooling, clam digging, walking in the intertidal, 
and surfing) has substantially increased in the study area since the opening of 
San Onofre State Beach in 1971. Due to ease of access, some intertidal station 
areas are much more susceptible to human activities than others (LCMR 1976d).  
Thus, it is extremely difficult to separate the effect of human intervention from 
any effect which may be caused by the operation.of SONGS Unit 1. This, in con
junction with the conclusions of previous studies that there were no detectable 
effects resulting from the operation of SONGS Unit 1, resulted in an SCE request 
that the comprehensive intertidal sampling program be deleted from the ETS. This 
request was approved by the Nuclear Regulatory Commission on 22 September 1977.  
A program of reduced scope, which is described below, was implemented to con
tinue monitoring of the intertidal cobble areas at San Onofre. The reduced 
program maintains continuity with station locations used during the ETS study.  

METHODS 

FIELD 

A detailed description of intertidal cobble survey methods and station loca
tion data is presented in the combined ETS and PMP procedures (SCE R&D/LCMR 
Procedure EMP 46-5-5).  

Station locations are shown in Figure 4B-1. Station 1, 3.1 km upcoast of the 
SONGS 1 discharge line, is outside the 1F isotherm based on the predicted maxi
mum upcoast-downcoast extent of the offshore thermal plume and is considered to 
be a reference station; whereas Stations 2, 3, 4, and 5, located within the 
potential influence of the 10F isotherm, are considered to be test stations.  
Three equidistantly spaced 0.25-m 2 quadrats, located within ecological Zone 4 
(Ricketts and Calvin 1971), have been permanently established along a line 
parallel to shore at each station.  

Nondestructive sampling techniques are employed to survey the dominant macro
organisms living on the surface of the substrata at each station. Biologists 
visually estimate the percent cover of the two most abundant taxa, and the per
cent cover of sand in each 0.25-m 2 quadrat. General observations of the area are 
recorded, such as uninhabited cobble substrata and disturbances of the habitat 
(e.g., excavations left by clam diggers) which may have affected the biota within
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the fixed quadrats. Photographs (35-mm slides) of each fixed quadrat are taken 
during each survey using natural light. All field work is conducted in daylight 
during low tides of at least -0.18 m MLLW.  

During 1979, surveys were conducted on 26 February, 13 June, and 3 and 19 
December. There were no daylight low tides suitable for sampling during the 
third calendar quarter.  

RESULTS 

A qualitative description of the 1979 biological and physical data is pre
sented for each station.  

INTERTIDAL COBBLE STATION 1 - REFERENCE STATION 

Observations recorded during the three 1979 surveys revealed that the major 
human activity in the area was surfing. During 1979 surveys, no excavations were 
noted near the fixed quadrats and no clammers were observed in the area. Tide
pooling activity resulted in limited habitat disturbance (e.g., turning over 
cobbles) in the intertidal cobble areas.  

Sand coverage in the fixed quadrats ranged from 5 to 40% during the February 
and December 1979 surveys, and varied from 1 to 10% during the June survey. The 
sand and cobble contact line was shoreward of the fixed quadrats during all 1979 
sampling but closer to fixed quadrat 2 during the December (35 m) than the June 
survey (47 m).  

Based on percent cover, the following taxa were the most abundant in the 
fixed quadrats during 1979: erect coralline algae (Corallina/Haliptylon complex 
and Jania spp.) and a turf complex of small algae, Parvosilvosa (Neushul and Dahl 
19677.uring each of the three surveys, a chlorophyte alga such as Enteromorpha 
spp. was abundant in one quadrat. Zonaria farlowii and unidentified crustose 
coralline algae were abundant during the Tune and December surveys. Egregia 
laevigata and Sargassum muticum were recorded only during the December survey.  

INTERTIDAL COBBLE STATION 2 

During the 1979 surveys, no excavations were noted in the vicinity of the 
fixed quadrats, but clammers were noted in the area during the February and 
December surveys. Tidepooling activity was also noted. The mean percent sand 
cover was low during all surveys, with individual quadrats exhibiting a range 
from 2 to 45% sand cover. During the February and December surveys, more bare 
cobble surface was exposed, apparently due to the overturning of smaller cobbles.  
The sand and cobble contact line was 30 m shoreward of fixed quadrat 2 in 
December, 9 m closer than during the June survey.  

Zonaria farlowii and the algal turf complex Parvosilvosa were generally the 
most abundant algae in the quadrats during 1979. Crustose coralline algae was 
abundant in the June and December surveys. Erect coralline algae was also 
reported as abundant during February and December 1979 surveys. Entermorpha spp.  
and Sargassum spp. were reported only during the June survey.  

INTERTIDAL COBBLE STATION 3 

Clamming and tidepooling activities were observed in the cobble area during 
the December survey. Sand cover in the fixed quadrats varied from 10 to 92%
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during the February and June 1979 surveys. The sand and cobble contact line was 
4-m shoreward of fixed quadrat 2 and was within 1 m of quadrat 3 during the 
February and June survey. During the December survey, all quadrats were comple
tely covered by sand approximately 30 cm deep as the sand and cobble contact line 
was about 40 m seaward of fixed quadrat 2.  

The Corallina/Haliptylon complex and unidentified crustose coralline algae 
were usually thlemost abundant algae during the February and June surveys. The 
red alga Endocladia spp. and the chlorophyte algae Entermorpha spp. and Ulva spp.  
were among the most abundant algae during the June survey. Zonaria farlowii was 
one of the most abundant algae only in one quadrat in the February 179 -survey.  

INTERTIDAL COBBLE STATION 4 

No clammers were noted during the 1979 surveys, however, overturned boulders 
and cobble, and exposed bedrock were evident in fixed quadrats 2 and 3, possibly 
indicating that some clamming activity had occurred. During the 1979 surveys, 
sand cover in the quadrats varied from 10 to 60%. The sand and cobble contact 
line was about 2, 9, and 17 m shoreward of fixed quadrat 2 during the February, 
June, and December surveys, respectively.  

The Corallina/Haliptylon complex and Parvosilvosa were usually the most abun
dant algae during all three surveys. Zonaria farlowii was also abundant in the 
June and December surveys. Endocladia spp. was recorded among the two most abun
dant taxa in one fixed quadrat during the June 1979 survey.  

INTERTIDAL COBBLE STATION 5 

No clamming activity or excavations were noted in the cobble area during the 
1979 surveys. Surfing and tidepooling activities were observed in the vicinity 
of Station 5 during the December survey. The sand and cobble contact line was 
about 14 m shoreward of fixed quadrat 2 during the June and December surveys.  

The most abundant taxa in each fixed quadrat at Station 5 remained the same 
during the 1979 surveys. The Corallina/Haliptylon complex was one of the two 
most abundant algae in all quadrats during all surveys, ranging from 11 to 25% 
cover. Parvosilvosa was abundant in fixed quadrats 2 and 3, covering from 6 to 
16%. Phyllospadix spp. was abundant only in fixed quadrat 1, covering from 16 to 
50%.  

DISCUSSION 

Changes in abundance of the abundant organisms observed during 1979 exhibited 
recognizable seasonal trends. Variations in the abundance of a species within a 
station in 1979 may be attributed to a variety of factors including natural 
seasonal differences in abundance of populations due to recruitment, long-term 
fluctuations in populations, and mortality.  

The total number of abundant taxa within a survey for all stations combined 
was greatest in June, when a total of nine taxa were observed. The minimum 
number of abundant taxa observed during a survey was seven taxa in February.  
The number of different abundant taxa recorded during summer was greater due to 
the establishment of species such as the green algae Enteromorpha spp. and tlva 
spp. on previously bare cobble surfaces. These species colonize in the spring 
when bare cobble becomes available (Emerson 1975). Sargassum spp. also is more 
abundant in the warmer season, with occasional survival of the stipe and lamellae
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into colder periods. Comparison of 1979 data with historical data from the SONGS 
intertidal area indicated that the abundant taxa were those that have been 
reported as common in the nearby geographical area and previously noted at the 
intertidal stations (LCMR 1975b).  

Data for all stations during all surveys indicate that sand cover of fixed 
quadrats was higher during winter surveys and lower during summer surveys (Figure 
4B-2). The high percentage of sand cover noted in February 1979 (Figure 4B-2) 
was probably a remnant from the severe storms and associated deposition of 
terrestrial sediments from stream runoff that occurred in the winter period from 
late 1978 to early 1979.  

St 1 St 4 . \ 
St 2 - St5 A/ 

80 St 3 Intermittent data 

60 

N.N 

20 

Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep,Dec Mar Jun Sep Dec Mar Jun Sep Dec 
1975 1976 1977 1978 1979 

Figure 4B-2. Mean percent sand in three fixed 0.25-m 2 quadrats at ETS intertidal cobble stations in ecological Zone 4 
from February 1975 to December 1979. Data from February 1975 to June 1976 obtained from photo
graphs. All other data are field estimates. Intermittent data are indicated by the dotted line (-....-).  

The extension of the intertidal sand areas over the cobble beds immediately 
upcoast of SONGS may be related to the large fluctuations of beach profiles noted 
at the Units 2 and 3 construction site near the laydown pad and the construction 
trestles (SCE 1979d). The sand accumulation upcoast of the pad is a consequence 
of a temporary structure obstructing normal longshore drift. This accumulation 
may be extending into the Station 3 area which increases the frequency that the 
fixed quadrats will be covered by sand.  

Sand accretion and burial of intertidal cobble areas has frequently been 
noted in reports on the SONGS area since 1963. This process is probably signifi
cant in defining or limiting the populations of intertidal organisms (McKnight 
1969, Connell 1972, SCE 1979b). Organisms such as erect and crustose coralline 
algae and Zonaria farlowii are resistant to factors such as sand accretion and 
disturbance of the substratum (Dahl 1971), whether by natural or human inter
vention, and are usually the most abundant in the study areas. Increasing accre
tion of sand in areas upcoast of SONGS (Station 3) is followed by decreasing 
abundance of macrobiota (MBC 1978). This phenomenon was obvious in the study 
area as reflected by the reduced percentage of biota in quadrats with sand 
cover.  

As winter sands errode, new areas of cobble surface are exposed to settlement 
and growth of intertidal organisms during the spring and summer (Emerson 1975).  
Photographs of fixed quadrats taken during the February 1979 survey showed the 
presence of small cobble with uncolonized surfaces exposed. Less bare cobble 
surfaces were present during the June survey (Figure 48-3), indicating that much 
of the area exposed by decreased sand cover and shifted cobble had been 
colonized, by species such as Ulva and Enteromorpha.
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Figure 4B-3. Mean percent bare rock exposed at intertidal cobble station fixed quadrats from 27 February to 
5 December 1979.  

Substratum instability may also be a major process controlling intertidal 
biota. The high number of different abundant taxa observed between intertidal 
stations and seasonal changes within stations, coupled with the presence of bare 
cobbles during some surveys, indicates the possibility of mortality or disruption 
of populations due to abrasion associated with moving cobbles or burial by over
turning the cobbles. Similar results have been observed in other studies (Osman 
1977, 1978) which indicated that intermediate sized cobble of 1 to In dm are 
stable enough to establish a community, but not stable long enough to allow a few 
taxa to establish dominance. This seemed to be the situation near SONGS except 
at Station 5 which showed a persistence of the same taxa during the 1979 surveys.  

The clamming or digging activity observed during 1979 was considerably 
reduced when compared with activity noted in previous years (Parr 1973, LCMR 
1977b, SCE 1979d). Severe local storms and associated terrestrial runoff during 
the last two years have been implicated in reduced clam populations in the SONGS 
area (Williams 1979), and are probably responsible for the reduced clamming 
activity. However, human intervention and excavation activity was noted during 
February and June, resulting in considerable disturbance of the habitat and asso
ciated biota in some areas. Recolonization of biota in the disturbed areas 
seemed almost complete by the December survey, when compared to surrounding 
areas. Other human intervention such as tidepooling, people walking in the sta
tion areas, and surfing was frequently noted at all stations (SCE 1980c).  

The upcoast reference area was apparently within the +10 F isotherm from the 
SONGS Unit 1 discharge on three of seven temperature surveys in 1979. The other 
four stations were frequently within the +10 F isotherm. Biotic changes at test 
and reference stations were similar. This is in agreement with conclusions of 
previous studies (SCE 1979d).  

Since the thermal plume was observed to impinge on the shore, it is possible 
that any changes in offshore water quality parameters such as pH, dissolved 
oxygen, turbidity, and heavy metals could affect intertidal biota, since they 
could be contained in the water mass represented by the thermal plume. Water 
quality in the area offshore SONGS as indicated by ocean water pH and dissolved 
oxygen concentration were not significantly affected by the SONGS Unit 1 
discharge (SCE 1979d). Analysis of water and sediment samples from the SONGS 
area for heavy metals over the four year period ending in 1978 revealed no 
apparent spatial or temporal patterns in the distribution of metals in the water
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or sediment (SCE 1979a,d). Nearshore turbidity was higher within the influence 
of the SONGS Unit 1 discharge (SCE 1979d) and the Units 2 and 3 dredging 
activities, but high natural nearshore turbidity exists due to suspension of 
sediments generated by rip currents and wave action (SCE 1979a). Thus, any 
possible effect of turbidity associated with SONGS related activities was 
obscured by natural variability.  

There is no evidence that the operation of SONGS Unit 1 influenced the inter
tidal cobble biota sigificantly, which is in agreement with previous findings.  
SONGS Units 2 and 3 construction activities temporarily increased the frequency 
of total sand cover of cobble habitats immediately upcoast of the laydown pad.  

SUMMARY 

A qualitative analysis of the 1979 data and a comparison with previous inter
tidal studies in the area indicated the following.  

1. Comparison of data collected at all cobble stations in 1979 surveys with 
historical data indicated that the most abundant taxa in areal coverage were 
those that have previously been reported as common in the geographical area 
and noted in past studies of the station areas.  

2. The observed variability in biota may be attributable to a number of factors 
including natural seasonal differences in abundances of populations due to 
recruitment, mortality, and long-term fluctuations in populations.  

3. Sand inundation and human intervention resulting from recreational activities 
such as intertidal walking, clamming, and surfing at all stations remained 
the only directly observable community altering factors in the intertidal 
cobble quadrats. Clamming activity was reduced at all stations during the 
1979 surveys, compared to previous years.  

4. New areas of cobble surface were exposed to settlement of organisms, during 
both winter and summer periods at all stations. Wave induced cobble 
movement, beach slope, fresh water runoff, sedimentation, erosion, size 
heterogeneity of cobble habitat components, and other factors probably 
contributed to this change in substratum exposure.  

5. The upcoast reference area was apparently within the +10 F influence of SONGS 
Unit 1 discharge during three of seven temperature surveys during 1979. The 
four test stations were frequently within the 1F isotherm. Variation in 
biological factors due to generating station operation was not discernible.  
The most visible biotic changes that occurred were caused by sand inundation, 
apparently due to winter-summer beach processes and winter storms.  

6. Construction of SONGS Units 2 and 3 caused some temporary changes in biota of 
cobble communities immediately upcoast of the laydown pad, due to a greater 
tendency for the area to be inundated by sand. .  

7. Based on data collected, there was no evidence that the operation of SONGS 
Unit 1 caused major changes in the intertidal cobble biota. This is in 
agreement with previous findings.
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CHAPTER 5 

SUBTIDAL 

INTRODUCTION 

The sea floor off SONGS is composed of a mosaic of sediments ranging in size 

from microscopic clay particles to boulders several meters in diameter. The 
sediments are predominantly sandy, with some admixture of silts and clays. Fields 

of cobble or cobble/boulder mixtures are interspersed with the softer sediments 
throughout the SONGS offshore area. In consequence, the subtidal biota is com

posed of both species adopted to live between sediment particles (the infaunal 
community), and species adapted to life on rocks (the epibiota of cobble and kelp 

beds). The requirements of the two divisions of the subtidal benthic habitat are 
quite different, as are their biotas. They are discussed separately.



CHAPTER 5A 

SEDIMENT INFAUNAL HABITAT 

INTRODUCTION 

The San Onofre sublittoral zone is composed of both rocky and sandy 
benthic habitats. The sandy soft bottom environment is extensive and supports a 
highly diverse community (MBC 1978, Diener and Parr 1977). The community is 
composed primarily of invertebrate species from the phyla Mollusca, Annelida, 
and Arthropoda. Not only do these species exhibit individual and population 
characteristics, but they also serve an important functional role in the trophic 
structure and flow of energy through the marine ecosystem. Soft bottom benthic 
organisms live in or on the bottom sediments and are intimately dependent on the 
physical-chemical nature of this habitat for food and living space (Rhoads 1974).  
Several authors have reported benthic organisms to be selective of the grain size 
of sediments they live in or consume (Gray 1974, Johnson 1971, Lie and Kisker 
1970). McCave (1974) also suggests that sediment grain size is the most impor
tant factor regulating the distribution of benthic organisms; however, he also 
indicated that sediment porosity, permeability, and oxygen content (all related 
to grain size) may also be important factors controlling community composition.  
Bottom stability, which is influenced by the nature of the sediments as well as 
biological and physical environmental factors has also been cited as a key factor 
controlling the composition and distribution of benthic communities (Oliver and 
Slattery 1973, Rhoads and Young 1970).  

POTENTIAL IMPACTS AND REGULATORY REQUIREMENTS 

The construction of Units 2 and 3 and the placement of intake and diffuser 
lines offshore may represent potential sources of impact to the benthic infaunal 
community. In addition, dredging and resulting sediment suspension related to 
conduit installation, as well as disruption of longshore sediment transport by 
construction trestles, impact the benthic habitat to some degree. The primary 
goal of the Construction Monitoring Program (CMP) is to define the extent and 
severity of any impacts on the benthic infaunal community. Because Unit 1 is 
operating adjacent to construction activities, impacts caused by jetting, resus
pension, and modification of sediments (following heat treatment and expulsion of 
debris), as well as entrainment of meroplankton by Unit 1 are also considered 
here. In addition, the program establishes baseline pre-operational community 
data to serve as a basis for comparison with data gathered once Units 2 and 3 
become operational.  

This study investigates and quantitatively documents the environmental 
impact of dredging and construction activities associated with SONGS Units 2 
and 3 on the benthic infaunal community. This study also fulfills all require
ments set forth by the California Regional Water Quality Control Board-San Diego 
Region Monitoring and Report Program No. 71-6 for Construction of SONGS Units 
and 3, including Technical Change Orders No. 1, 2, and 3. Further, the inves
tigation satisfies Nuclear Regulatory Commission (NRC) requirements.  

QUESTIONS ADDRESSED 

Environmental effects associated with construction of Units 2 and 3 
and/or with operation of Unit 1 may be indicated by population or community
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characteristics which differ markedly from the "normal" characteristics exhibited 
by benthic organisms in reference areas. The data gathered during this investi
gation were subjected to scrutiny at various levels of complexity to determine 
the effects of construction activities. The questions addressed were: 

1. Are construction activities related to Units 2 and 3 or operation 
of Unit 1 causing: 

a. differences in community compositional characteristics, including 
taxonomic composition, biomass, feeding types, species diversity, 
or numbers of individuals between treatment and reference stations? 

b. changes in benthic infaunal community distribution patterns normally 
associated with the area offshore of SONGS? 

2. a. What physical/chemical factors are associated with observed 
biological differences? 

b. Have these factors been modified by SONGS construction and/or 
operation? 

c. What is the magnitude of any impact attributed to SONGS construction 
or operation relative to natural phenomena? 

PREVIOUS STUDIES 

Marine Environmental Monitoring (MEM) of the soft bottom benthos in the 
vicinity of SONGS Unit 1 began in 1963 and continued until 1975. In 1974 a 
program designed to investigate the effect of sand disposal (Sand Disposal 
Monitoring Program) from construction of Units 2 and 3 on the benthic infauna was 
initiated. This study, part of the Construction Monitoring Program (CMP) con
tinued with revised methods in 1976 to examine the effects of offshore dredging 
for Units 2 and 3 intake and diffuser lines. Reports detailing the results of the 
CMP programs were released by Marine Biological Consultants, Inc. (MBC) in 1978 
and 1979 (MBC 1978, SCE 1979).  

MATERIAL AND METHODS 

Data were collected quarterly during February, May, August, and November 
1979. Biological collections were made at stations located along the 6, 9, and 15 
m isobaths of six offshore transects. Two of the six transects were established 
as references, one upcoast and one downcoast of the construction area. The 
remaining four treatment transects flank the axis along which dredging and 
conduit emplacement proceed (Figure 5A-1). Selection of treatment (B, C, D, and 
E) and reference (A and F) transects was based on the premise that all stations 
within 500 m (Transects B,C,D,E) of an imaginary line halfway between the Units 2 
and 3 conduit lines could be subject to perturbation during some portion of the 
construction period. Transects B and C flanked the intake and discharge ports of 
operating Unit 1. The upcoast (A) and downcoast (F) reference transects were well 
outside this area of potential construction influence. Comparisons between 
reference and treatment areas were the basis for determining construction related 
impacts.  

BIOLOGICAL SAMPLING 

At each station replicate l9 sediment samples (10 cm x 10 cm x 10 cm) 
were removed by biologist-divers. Samples were collected adjacent to a permanent 
monument using a hand-operated box core (Figure 5A-2).
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Figure 5A-1. Benthic infaunal station locations.
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The number of core samples 
necessary to adequately represent the 
infaunal biota was determined from a 
test collection of 20 replicates and 
from analysis of 1977 data using 
information loss, species accumula- CLOSURE HANDLE 

tion, and percent detectible change 
measures as criteria (special study 
results presented in Statement of Work 
for CMP). Optimum levels of effort and 
information were determined to be 5 -BOX CORER 

replicates/station along the 6 m 
isobath (Al, B1, C1, Dl, El, and Fl), 
and 12 replicates /station along the 9 LATEX COVER 

m and 15 m isobaths (A2, B2 ... F2 and 
A3, B3 ... F3). Each sample was 
screened through a 0.5 mm screen in Figure 5A-2. Diver-operated box corer.  
the field, and the retained fraction 
preserved in 10% formalin. In the laboratory, samples were sorted and the species 
identified and enumerated. All biological data collected by the above techniques 
was presented in Section III of Voume II, Construction Monitoring Program Annual 
Operating Report (SCE 1980).  

Biomass 

Biomass was determined and used as a summary value to characterize the total 
amount of living material at a station and was expressed as total wet weight 
of whole organisms in grams/*. Whole organism weights included the weight 
of the inorganic portions of the shells, tests, and carapaces of mollusks, 
echinoderms, and arthropods. One should note that the presence of a single large 
organism may cause extreme deviations in the values.  

Physical Measurements and Sediment Characteristic 

At each station, sediment stake heights (vertical distance from substrate to 
top of a permanent monument) were measured and were used to detect changes in 
bottom height between surveys. The sediment flux which reflected monthly depo
sition rates, was calculated from sediment trap collections. Sediment traps at 
each station were positioned on top of the permanent monuments and were replaced 
monthly. The contents were returned to the laboratory, oven dried at 100 0C for 24 
hours, and their dry weight recorded (see Chapter 2D, Sedimentology).  

Sediment samples for total organic carbon determinations and grain size 
analysis were collected adjacent to the biological samples at each station.  
Sample replication necessary to adequately characterize a station was previously 
determined with a special study. At stations located along the 6 m isobath, three 
core samples were collected for both sediment size and organic carbon analyses.  
For stations located along the 9 and 15 m isobaths, four core samples were 
collected for sediment size analysis and eight samples collected for organic 
carbon analyses. Total organic carbon content was determined for each sample 
using a LECO gasometric carbon analyzer (Bandy and Kolpack 1963). Grain size was 
determined by automatic settling tube analyses of sand sized fractions (combined 
with sieving for gravel when necessary) (Gibbs 1974). Silt-clay fractions were 
analyzed using standard hydrometric techniques (Folk 1968). Calculations for mean 
phi, skewness, kurtosis, and other sediment descriptive characteristics followed 
standard formulae based on moment measures (see Chapter 20, Sedimentology).  

Bottom water temperature and Secchi disc readings (measuring water clarity) 
were recorded at all stations during each quarterly survey.
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All physical and chemical data collected by the above techniques was 
presented in Volume I. Oceanography (SCE 1980).  

DATA ANALYSIS 

Analytical Rationale 

Data analyses included both statistical and non-statistical treatments.  
Graphical methods of data reduction and presentation were utilized in the exam
ination of geographical and annual patterns in community diversity, numbers of 
individuals, biomass, and trophic structure. Multivariate analytical techniques 
were employed to synthesize community distribution patterns and explore the 
relationships between these patterns and abiotic features.  

Univariate Techniques 

Analysis of Variance. One-way analyses of variance (ANOVA) were performed on 
replicate biological data collected quarterly from all stations located on a 
particular isobath. The analyses considered station differences separately in 
terms of the number of species, and the number of individuals. Since statistical 
assumptions of normality were met by the data, the more robust parametric ANOVA 
was utilized rather than a non-parametric counterpart (Steele and Torrie 1960).  
When the ANOVA revealed significant differences between stations, in the number 
of species and/or individuals, the Duncan multiple range test (Steele and Torrie 
1960) was used to determine which pairs of stations were significantly different.  

Multivariate Techniques. Classification Analysis of Biological Data. Classi
ficatory procedures (Clifford and Stephenson 1975) were employed in the analysis 
of subtidal benthic infaunal data. Species presence and abundance defined habitat 
areas. The operative assumption was that optimal areas for a given species 
within an environment were inhabited by greater abundances of particular species.  
Areas with similar biota (both in species composition and abundance) were assumed 
to provide similar microenvironments in terms of physical-chemical features.  
Areas which supported modified species assemblages were assumed to provide 
different or altered sets of environmental features.  

Two classification analyses were performed in which entities were grouped by 
specific joint attributes. The sampling stations (entities) were classified by 
the similarity of their species composition (attributes). This is termed "normal" 
analysis by Clifford and Stephenson (1975). The "inverse" analysis classified the 
species (entities) with respect to their distribution among the sampling stations 
(attributes). Both analyses utilized all species that occurred at more than two 
stations in a survey (quarter sampling) and/or with a mean abundance greater than 
one individual.  

Classification analysis involves three basic procedures. The first is 
the calculation of an inter-entity distance (similarity) matrix derived from 
the "Bray-Curtis" index (Clifford and Stephenson 1975). The second procedure, 
commonly referred to as sorting, clusters the entities into a hierarchial a 
dendrogram. In this study, the "step-across" procedure proposed by Williamson 
(1978) and modified by Smith (in preparation) to be compatible with quantitative 
data was applied. This procedure was selected in preference to other methods 
since it compensated for the loss of sensitivity by large ecological distances 
(Beals 1973). Dendrograms from both the normal and inverse analyses were combined 
into a two-way coincidence table (Clifford and Stephenson 1975). The relative 
abundance values of each species were replaced by symbols (Smith 1976) and then 
entered into the body of the two-way table, which displayed patterns of species 
occurrences that were subsequently interpreted.
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Prior to any analysis, all data were square root transformed and standar
dized by the species maximum to reduce the excessive influence of abundant, 
species (Smith 1976).  

Principal Components Analysis. The composition of sediments at SONGS was 
complex (SCE 1978) and ranged from coarse sand-sized to clay-sized particles.  
Synoptic measures such as mean grain size may not truly represent the sediment 
features to which animals respond and, therefore, may not reflect physical 
differences between stations. Subcomponents of the sediment size range (e.g.  
the fine clay or silt-sized particles) may be the actual features influencing 
biological distribution patterns (Nichols .1970) and, therefore, it was more 
informative to examine these features in addition to synoptic measures.  

To summarize the patterns in sediment variables and to reduce them into a 
form suited to discriminant analysis, the data were subjected to principal 
components analysis (PCA) and a varimax rotation (Harman 1960, Orlocci 1967, 
Cooley and Lohnes 1971).  

Varimax rotation was employed to make the patterns of correlations in the 
factor matrix more pronounced and interpretable. This rotation attempts to rotate 
the space so that the variable correlations for an axis are either close to zero 
or very far from zero (i.e. maximize high and low correlations and minimize 
middle level correlations, thus making the correlational patterns distinct).  
After the varimax rotation, the axis score are no longer necessarily independent.  

A reduction of sediment variables into sediment factors streamlines data 
handling and interpretation while eliminating certain problems inherent in 
analyzing many potentially redundant variables.  

The PCA with varimax defines low dimensional space containing most of the 
patterns in the data. Axis scores were used as variables in the discriminant 
analysis to describe the various independent trends (each axis of interest equal 
to one sediment factor variable).  

The relationships between the sediment factors (axis scores) and the 
original sediment size variables were shown in the factor matrices, which con
tained the correlations between each variable and the axis in question. The 
patterns of correlations with each axis were valuable in interpreting a more 
general sediment factor defined by the axis in question.  

Weighted Multiple Discriminant Analyses. Variables representing relevant 
abiotic characteristics of the subtidal benthic habitat were measured at all 
infaunal stations. These measurements reflect differences in the physical
chemical nature of the benthic habitat, the input from Unit 1 operation, and 
Units 2 and 3 dredging and construction related materials. These parameters 
included: 

* Substrate Depth 
* Sediment Organic Carbon 
* Bottom Temperature (Sediment and Water Temperature) 
* Water Clarity 

Sediment Flux (Depositional Rate) 
Change in Sediment Height (Sea bed Elevation) 
Sediment Factors (Sediment Size and Size Distribution Characteristics) 

Weighted multiple discriminant analysis (Smith 1976 and 1978; see also Hope 
1969, Cooley and Lohnes 1971, Green 1971) was employed to determine which abiotic 
features were associated with biotic community differences. Weighted analysis 
utilized more biological information contained in the distance matrix since
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each site in each group was weighted Table 5A-2. Total number of taxa and individuals 
in proportion to its average biolog- byquarter.  
ical similarity to other group members S t nbm t ma 
(Smith 1978). Discriminant analysis 
requires the predefinition of groups, 
and these groups were defined by the February 
normal classification analysis of A Total6Ta4a 247 

stations. Discriminant analysis B 108 304 516 928 
produces a linear combination of C 175 311 544 1030 
measured variables which maximize the 0 229 259 354 842 E 141 349 369 859 
differences between groups (i.e. F 112 354 570 1036 
abiotic variables which maximize Total 847 1823 2701 5371 
between group variance and minimize 
within group variance). The linear Ma 

combination of variables define a new Total Taxa 283 
discriminant axis which is composed of A 0 443 495 938 
the original variables. The proportion B 120 437 1229 1786 
of each original variables contribu- C 195 418 1139 1752 

D 197 482 435 1114 
tion to the discriminant axis is E 175 391 286 852 
indicated by the absolute value of the F 175 495 696 1366 
coefficient of separate determination Total 862 2666 4280 7808 
(Hope 1969, Smith 1976) and is 
expressed as percent of the axis August 

total. The higher the coefficient of Total Taxa 316 
separate determination, the greater A 413 683 592 1688 
influence the variable has on the B 328 998 652 1978 

C 251 777 758 1786 
formation of the discriminant axis. D 421 855 476 1852 

E 370 774 508 1652 
F 412 669 521 1602 

RESULTS Total 2195 4756 3607 10558 

BENTHIC INFAUNAL COMMUNITY COMPOSITION November 
Total Taxa 297 

The infaunal communities surveyed A 186 314 794 1294 
B 131 779 323 1233 

during this program were highly C 44 498 585 1127 
variable among stations in terns of 0 243 342 376 961 
species composition and abundance (SCE E 332 374 424 1130 
1980). Over 31,000 infaunal organisms F 209 761 574 1544 

were collected during the year Total 1145 3068 3076 7289 

Table 5A-1. Phyletic composition of the benthic Grand Total Number of Individuals 31026 
infaunal community. including 486 taxa representing 16 

Phylum Number of Taxa Percent phyla (Table 5A-1). The total number 

Annelida 175 36.01 of individuals from all stations 
Arthropoda 155 31.89 ranged from a low of 5,371 in March to 
Mollusca 105 21.60 a high of 10,358 in August (Table 
Echinodermata 13 2.67 
Cnidaria 9 1.85 5A-2). The total number of taxa 
Nemertea 9 1.85 recorded by survey followed a similar 
Sipunculoidea 7, 1.44 trend and increased from a 1ow of 247 
Ectoprocta 3 0.62 
Chordata 2 0.41 
Phoronida 2 0.41 Although the majority of taxa were 
Brachiopoda 1 0.21 identified to species, many taxa could 
Chaetognatha 1 0.21 
Hemichordata 1 0.21 
Nematoda 1 0.21 classification. The number of taxa is 
Platyhelminthes 1 0.21 an approximation of the true number of 
Sarcodina 1 0.21 species because it includes overesti
Total Taxa 486 
Total Phyla 16 mations and underestimations. Some 
Total percent *100 specimens cannot be identified to 

species because of immaturity, or
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fragmentation during sampling which results in overestimation through introduc
tion of "artificial" taxa (e.g. Tellina sp.). These small clams were probably 
juveniles of T. modesta that had not developed the anatomical characteristics 
that allow their taxonomic separation from other Tellina species known from the 

study area. Underestimation arises from two sources: unstable taxonomy currently 
under revision, e.g. Hemichordata, unid., and the necessity for excessively time 
consuming laboratory treatments such as serial sectioning which precludes species 
determinations, e.g. Nemertea, unid. Both sources introduce taxa which may or 
may not represent more than one species. Although the magnitude of overestima
tions and underestimations cannot be quantified, the reported number of taxa is 
the closest approximation of species totals available at this time.  

The phyla Arthropoda, Annelida, and Mollusca accounted for 90% of all 
the taxa collected (Table 5A-1). These taxa included most major feeding types 
and habitat requirements, although detailed natural history information is 
lacking for a majority of the species.  

DIVERSITY OF THE BENTHIC INFAUNAL COMMUNITY 

The number of species reported per station represented the cumulative 
number for all replicate le samples collected at that station. Since the optimal 
sample size was previously determined, the cumulative species diversity value 
reflected the total diversity at a station.  

In this section, only taxa which were identified to species level were used 
in diversity calculations (a conservative approach). The only exceptions were in 
cases of morphologically distinct taxa, representing undescribed species. These 
taxa were assigned a morphotype designation, e.g. Ogyrides sp. A, and were 
included in the species counts.  

The umbe ofspeces oundper Table 5A-3. Number of benthic infauna species 
The number of species found percollected at each station during all 

station during each survey are listed sampling priods.  
in Table 5A-3 and are graphically Survey 

presented in Figures 5A-3 and 5A-4.  
The number of species generally Isobath Station Feb May Aug Nov Year 

increased with increasing depth. The 6m A 10 0. 31 22 21.00 

mean number of species at all stations F 25 33 30 31 19.75 

increased through the survey year. The Reference X 17.50 33.00 30.50 26.50 25.38** 
B 17 30 30 23 25.00 

6 m isobath stations contained the 25 35 30 21 27.75 

greatest number of species in May, D 22 34 29 30 28.75 

while the maximum number of species at E 23 40 27 25 28.75 
th mad 5m sbthsatos ee Treatment X 21.75 34.75 29.00 24.75 27.56 

the 9 m and 15 m isobath stations were 
recorded during August (Figure 5A-3). 9m A 47 64 70 48 57.25 

F 44 56 54 62 54.00 

The mean number of species Reference 45.50 60.00 62.00 55.00 55.63 

collected at 6 m reference stations B 48 62 71 62 60.75 
C 37 60 78 63 69.60 

ranged from a low of 17.5 during 44 55 61 56 54.00 

February to a high of 33.0 species E 48 63 66 58 58.75 

in May (Table 5A-3). The absence of Treatment X 44.25 60.00 69.00 59.75 58.75 

sandy substrate at Station Al during 
May prevented sampling. Apparently 15m A 62 82 85 78 76.75 

erosional processes had removed all F 69 70 90 90 79.75 

sediment covering the subsurface Reference 7 65.50 76.00 87.50 84.00 78.25 

cobble substrate. The mean number of B 62 72 91 71 74.00 
C 63 78 95 79 78.75 

species at 6 m treatment stations 0 61 72 82 62 69.25 

ranged from a low of 21.8 in February E 43 52 64 70 57.25 

to a high of 34.8 in May. The mean TreatmentT 57.25 68.50 83.00 70.50 69.81 

number of species at 9 m reference No samples May Al because rock substrate was exposed, 
therefore, no benthic infauna were present.  

stations rangsfrom 45.5 in February oaThis mean was calculated using the vertical column.
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(Table 5A-3). The annual mean number 
of species found at 9 m isobath 30

reference stations was 55.6 and that 20 
for treatment stations was 58.8. At 
the 15 m isobath reference stations, to
the annual mean number of species was 0 
78.0, while the treatment stations on NOVEMBER 
the same isobath had a mean of 70.0. 90

NUMBER OF INDIVIDUALS 
70

The mean number of individuals/z so o-
at a station generally increased 
through the survey year. Lowest levels s0 
occurred in February, while peak 40
levels were found in August at treat
ment and reference stations (Table 30 

5A-4, Figures 5A-5 and 5A-6). When 20 

annual isobath means for refer
ence and treatment areas are consid- 10 

ered, the mean number of individuals/z a 
F E D CB8 A decreased with increasing depth DOWNCOAST UPCOAST 

offshore. The annual mean values at TRANSECT 
the reference stations were highest Figure54. Numdber atof eanth atinfaurina ec 
(42.4 individuals/t) at the 6 m survey period. No samples were col
station and dropped to 37.0 and lected at * because of rock substrate.
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Table 5A-4. Mean number of benthic infauna indi- 5D 
viduals/i at reference and treatment 
stations by survey.  

Survey Mean for 30 
Isobath Station Feb May Aug Nov Year 

6 m A 14 0* 81 34 43.00 

F 20 31 79 37 41.75 

Reference k 17.00 15.50* 80.00 35.50 42.38** 

B 23 23 63 25 33.50 0 
C 30 37 47 7 30.25 May 
0 40 36 81 47 51.00 50 
E 24 34 73 64 48.25 

Treatment 7 29.25 32.50 66.00 35.75 40.88 

9 m A 18 33 53 24 32.00 

F 19 38 52 59 42.00 I 

Reference 7 18.50 35.50 52.50 41.50 37.00 

B 23 33 78 62 49.00 10 
C 23 30 60 40 38.25 
D 19 37 68 26 37.50 0 
E 19 30 62 29 35.00 

Treatment 7 21.00 32.50 67.00 39.25 39.94 80 

15 m A 25 37 45 26 33.25 
F 41 51 36 43 42.75 

Reference 7 33.00 44.00 40.50 34.50 38.00 

B 38 53 41 21 38.25 
C 41 47 53 44 46.25 
D 48 31 43 25 36.75 Lt.0 
E 27 21 34 31 28.25 0 

Treatment 7 38.50 38.00 42.75 30.25 37.38 KEY: 

* No samples collected May 6 m isobath because rock 20 Isobathe: 
substrate exposed; therefore, no benthic infauna e m.  
was present. 9 n. 0----0 

** This mean calculated using vertical column.  

38.0, respectively, for the 9 and 15 m 
stations. The annual mean number of 0 ot9 November 

individuals/z at the treatment sta
tions ranged from 40.9 at the 6 m 
stations to 37.4 at the 15 m stations.  

The mean number of individuals/i 
at the 6 m reference stations ranged 20 

100 0 

90 
KEY- DOWNCOAST UPCOAST 

80 m r *TRANSECT 
15 meters Figure 5-A6. Mean number of benthic infaunal mdi

70- Reference - viduals/ i at each station during each 
Treatment --
Traten survey period. No samples were col

~ so lected at * because of the presence of 

050- rock substrate; therefore, no benthic 
0 infauna were present.  

40

30- from 17.0 in February to 80.0 in 
Z August. The mean values at the treat

2ment stations ranged from 29.2 

10individuals/i in February to 66.0 in 
August. The mean number of indivi

0 FERUAY MA AUUST OVEBER duals/i found at the 9 m reference 0 FEBRUARY MA Y AUGUST NOVEMBER 
SURVEY MONTH stations ranged from 18.5 in February 

Figure 5A-5. Mean number of benthic infaunal indi- to 67.0 in August. Reference stations 
viduals/I found at reference and treat- from the 15 m isobath contained mean 
ment stations throughout the year. numbers of individuals/i in February
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Table 5A-5. ANOVA test results for between sta- of 33.0 and high values of 44.0 
tions vs. within station differences in individuals/z in May. The treatment 
the number of species and the number station values ranged from 30.2 in 
of individuals. Probability of lesser F November to 42.8 in August.  
value level of significance PR>F.  

Survey Month ANOVA AND DUNCAN MULTIPLE RANGE TEST 
Isobath Characteristics Feb May Aug Nov RESULTS 

6 m 
Number of Species 0.0732a 0.2589a 0.1484a 0. 000 1 b The results of ANOVA's comparing 
Number of Individuals 0.0611a 0.1909a 0.1955a 0 . 0016b the number of species and the number 

9m of individuals found at 6 m isobath 
Number of Species 0.0258b 0.0395b 0.0001c 0.0211b 
Number of Individuals o.6 ooa 0.6874a 018a 0 stations for the February, May, and 

15 mAugust surveys indicated that no 
Number of Species 0.0001c 0 . 000 1c 0. 0001c 0 . 0054b significant differences exi sted 
Number of Individuals 0 . 0034b 0.0001c 0.0498b 0 . 0121b between stations (Table 5A-5). How
a = not significant ever, significant differences in both 
b = significant species 
c = highly significant the number of and individuals 

existed when November data were 
compared. Duncan multiple range tests of November data revealed that Stations C 
and E were significantly different from most other stations, although other pair 
differences did exist (Table 5A-6).  

Comparisons of the number of species and the number of individuals from 9 m 
isobath stations by ANOVA indicated that while significant differences between 
stations existed in the number of species during all survey periods, only the 
results from November for the number of individuals were significant (Table 
5A-5). Duncan multiple range pair comparison showed that significant differences 
existed in treatment and reference stations as well as between reference and 
treatment station pairs (Table 5A-6).  

Tests for the differences in the number of species and the number of indi
viduals at 15 m isobath stations by ANOVA's revealed that significant differences 
existed between stations for these parameters during all survey periods (Table 
5A-5). Pair comparisons by the Duncan multiple range test showed that Station E 
was significantly different from most other stations during all survey periods 
(Table 5A-6). In addition, several reference, treatment, and treatment/reference 
station comparisons were significant.  

Table 5A-6. Duncan multiple range test results for significant differences between 
station pairs with regards to numbers of species and number of individuals.  

Survey Months 

Isobath Characteristic February May August November 

Station Pairs 

6m 

Number of Species None None None C-A, C-B, C-D, C-E 
C-F, A-F 

Number of Individuals None None None C-A, C-D, C-E, C-F 
E-A, E-B, E-F 

9 m 

Number of Species C-B, F-B F-A, F-B A-F, B-D, B-E, B-F A-B, A-C 
C-D, C-E, C-F 

Number of Individuals None None None B-A, B-D, B-E, F-A, 
F-D, F-E 

15 m 

Number of Species E-A, E-B, E-C, E-D E-A, E-B, E-C, E-D E-A, E-B, E-C, E-D C-B, C-D, C-E, F-D 
E-F E-F E-F F-E, F-B 

Number of Individuals A-C, A-D, A-F, E-C E-A, E-B, E-F, B-A C-E, C-F C-A, C-B, C-D, F-B 
E-D, E-F B-D, D-C, D-F F-D, F-A
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Table 5A-7. Benthic infaunal biomas (g/i) by .5 
station and survey.  

.4 
Survey Mean for FEBRUARY 

Isobath Station Feb May Aug Nov Year .3

6 m A 0.08 0* 0.07 0.14 0.10 
F 0.25 0.22 0.33 0.16 0.24 

Reference X 0.17 0.11* 0.20 0.15 0.17** 

B 0.16 0.15 0.18 0.05 0.14 
C 0.21 0.29 0.16 0.04 0.18 0 
D 0.08 0.28 0.18 0.06 0.15 MAY 
E 0.10 0.16 0.09 0.05 0.10 .6 

Treatment X 0.14 0.22 0.15 0.05 0.14 
-5

9 m A 0.15 0.32 0.25 0.12 0.21 
F 0.20 0.30 0.08 0.17 0.19 .4 

Reference 7 0.18 0.31 0.17 0.15 0.20 

8 0.20 0.29 0.38 0.08 0.24 
C 0.21 0.23 0.21 0.21 0.22 .2 
D 0.07 0.18 0.18 0.10 0.13 
E 0.10 0.25 0.19 0.44 0.25 

Treatment X 0.15 0.24 0.24 0.21 0.21 

15 m A 0.42 0.46 0.54 0.21 0.41 0 8 KEY
F 0.40 0.46 0.38 0.78 0.51 Isobaths: 

6 meters 
Reference X 0.41 0.46 0.46 0.50 0.46 .7 9 meter* 0 

15 motors 
B 0.44 0.51 0.87 0.65 0.62 
C 0.18 0.16 0.38 0.38 0.28 
0 0.22 0.33 0.32 0.14 0.25 
E 0.18 0.36 0.30 0.48 0.33 5 5 

Treatment X 0.26 0.34 0.47 0.41 0.37 L 

* No samples taken at 6m A transect in May because rock 
substrate exposed; therefore, no benthic infauna .3/ 
was present.  

** This mean calculated from vertical column. .

BIOMASS 

During all seasons, biomass 0 NOVEMBER 

values increased with increasing depth 
(Table 5A-7, Figure 5A-7). Annual mean 
biomass values for reference and .7 

treatment stations were comparable. .6 
The annual mean biomass for the 6 m 
reference stations was 0.17 g/. and .5 

0.14 g/t for the treatment stations. .4 

The annual mean biomass for the 
9 m reference stations was 0.20 g/3 
and 0.21 g/z for treatment areas. The .2 
annual mean biomass for the 15 m 
reference stations was 0.46 g/k and .1 I" 
0.37 g / for treatment stations. 0_ 

Quarterly survey mean biomass TRANSECT 
values for 6 m reference stations Figure 5A-7. Meanbenthic infaunal biomass (gIL) 

rangd fom 011 /k i Ma to .20by station for each survey. No samples 
rangedwere collected at * because of the 
g/z in August. Biomass values at 6 m presence of rock substrate; therefore, 
treatment stations ranged from 0.05 no benthic infauna were present.  
g/yL in November to 0.22 g/9. in May.  
Survey mean biomass values at 9 m reference stations ranged from 0.15 g/z in 
November to 0.31 g/z in May. Biomass values for treatment stations at that 
isobath ranged from 0.15 g/. in February to 0.24 g/.I in both May and August. Te 
quarterly mean biomass values from the 15 m reference stations ranged from 0.41 
g/z in February to 0.50 g/t in November. Values for treatment stations at 15 m 
ranged from 0.26 g/z in February to 0.47 g9 in August.
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COMMUNITY TROPHIC STRUCTURE Table 5A-8. Annual mean number/station of ben
thic infaunal species by isobath and 

Species collected during the feedingmode.  
four surveys were categorized accor- Total 
ding to feeding mode and food source. ( Seve Filter eposit 
These categories included: deposit 
feeder, filter feeder, omnivore, and 6 1 Feb. 5.33 4.00 2.33 14.83 

*2 May. 7.80 8.80 4.00 22.80 carnivore. Placement within a category 3 Aug. 8.83 6.33 3.33 18.33 
was based on either literature records 4 Nov. 6.17 6.50 2.33 17.17 
or inferred by taxonomists from the 7.03 6.41 3.00 18.28 
basic morphology of feeding apparatus. 9 1 Feb. 12.00 11.50 4.50 28.67 
Approximately 1% of the species could 2 May 14.33 17.67 5.83 38.50 
not be trophically classified. Species 3 Aug. 15.67 18.83 9.00 41.17 
which have more than one feeding 4 Nov. 13.50 14.67 7.00 38.83 
mode were counted in each category 13.88 15.67 6.58 36.79 
(Appendix V). 15 1 Feb. 13.00 14.00 4.83 41.00 

2 May 18.00 18.67 4.83 47.33 

The number of species in each 3 Aug. 19.00 20.00 7.17 57.17 4 Nov. 18.00 18.00 6.67 50.17 
feeding category increased with depth T 17.67 5.88 48.92 
(Table 5A-8). This pattern persisted 
throughout the year (Figure 5A-8). o spetae 
With few exceptions the maximum number 
of species/station within each feeding category were recorded from the August 
collections while the lowest numbers of species were recorded in February.  
The mean number/station of filter feeders for the year found at the.6, 9, and 15 
m isobath stations was 7.0, 13.9 and 17.0 species, respectively. The annual mean 
number of carnivores/station was 6.4, 15.7, and 17.7 at the 6, 9, and 15 m 
isobath stations, respectively. Mean annual numbers of omnivores/station were 
3.0, 6.6, and 5.9 at the 6, 9, and 15 40 _________________ 
m, respectively. The annual meanf 
number of deposit feeders/stationF 
found at the 6, 9, and 15 m isobath1 
stations was 18.2, 36.8 and 483.9, 18.  

respecti vely.  
i30 

PATTERNS IN BENTHIC INFAUNAL COMMUNITY .  

DISTRIBUTION KEY
9 1Fe.-1.0 Filter Feeders 

25 11 Car4i.vores 
I.J. D----O Ornnivores Intercommunity simi arity anal- Deposit Feeders 

yses were performed separately for s 
each survey period using classifi- 2 
catory techniques (Clifford and c 
Stephenson, 1975). Analyses were also i e a 
performed with 1) data partitioned by 0 15 
isobath rather than Transect and 2) X 
all survey months combined. These  
provided very little additional 
information and, therefore, are not 
discussed here.  

The classification analyses 0 
produced normal (station) and inverse 
(species) dendrograms which were 

PATEN IN'RAR BENHI INAUA COMMUNITY~S 

arranged in a two-way 'coincidence SUR VEY MONTH 
table. The normal dendrograms cluster Figure 5A-8. Mean number of benthic infaunal 
localities based on similarity 'of species of each feeding type at refer
faunal composition. The inverse ence and treatment stations through
dendrograms 'cluster species with ottheyear.
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similar distribution patterns among Table 5A-9. Key to abundance symbols and terms 
stations. The two-way coincidence used in the two-way coincidence 
tables summarize faunal distributions tables.  
with symbols (Table 5A-9) represen- Percent of 
ting relative abundances based on the Descriptive Term Symbol Maximum Abundance 
maximum abundance for each species. High a 76-100 

Medium 0 51-75 

The site groups which result from Lo 0 1-5 
the normal analysis are labelled withKt a sb a 

arabic numerals for easy reference in 
subsequent discussions of the similarity analysis results (Figures 5A-9 through 
5A-12). Species groups are similarly labeled with letters. In order to interpret 
the species composition of a specific group, it is necessary to refer directly 
to the two-way table (Figures 5A-g through 5A-12). To find the phylum of a 
particular species one must reference the data report master species list (SCE 
1980).  

Winter Classification 

The normal classification dendrogram from February contained one primary and 
one secondary division resulting in three groups of stations (Figure 5A-9).  
The primary division separated Groups I and 2 from Group 3. The secondary divi
sion in turn separated Groups 1 and 2 from each other. The three station groups 
corresponded primarily to the three isobaths sampled. Station Group 1 was 
composed exclusively of 15 m stations from Transects A, B, C, D, and F. Station 
Group 2 included all 9 m isobath stations A through F plus the 15 m isobath 
station from Transect E. Station Group 3 contained all 6 m isobath stations from 
Transects A through F.  

The inverse analysis from February produced six species groups (A through F, 
Figure 5A-9). Species of Group A occurred at most 15 m isobath stations in high 
relative abundance. Some members of this group, including Sthenelais verruculosa 
and Eteone alba, were patchily represented at other stations in very low to high 
relative abundances. Species in Group B had a distribution similar to those in 
Group A. These species, including Nephtys cornuta franciscana, Spiochaetopterus 
costarum, and Hemilamprops californica, were found in medium to high abundances 
at most 15 m isobath stations. Low (or medium) numbers of species in Group B were 
inconsistently found at other stations. Species in Group E characterized the 15 m 
stations of Group 1 with medium to high abundances and the intermediate depth (9 
m) stations in low to very low abundances. Among the species in this group were 
Lumbrineris tetraura, Mediomastus acutus, and Goniada littorea. Species in Group 
F were found primarily at the 9 m and 15 m sttoions of Groups 1 and 2, but were 
not consistently found at all stations. The relative abundance of these species 
varied, but was usually medium to high. Species from Group C were ubiquitous, 
and of variable relative abundance. These species included Rhepoxynius epistomus, 
Amastigos acutus, and Tellina modesta. The shallow (6 m) stations were charac
terized by high abundances of species from Group F, including Eohaustorius 
washingtonianus and Rhepoxynius bicuspidatus.  

Spring Classification 

The normal classification dendrogram from May exhibited one primary and one 
secondary division resulting in three groups of stations. The primary dendro
gram division separated Groups 1 and 2 from 3. The secondary division in turn 
separated Groups 1 and 2 (Figure mA-1). The station groups corresponded pri
marily to the isobaths sampled. A tertiary group split has been indicated within 
Group 2 because of the uniqueness of Station E3. Station Group 1 was composed 
primarily of 15 m isobath stations from Transects A, B, C, i, and F, however, the 
9 isobath station from Transect A was also included. Station Group 2 contained
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Figure 5A-9. February classification results. Normal and inverse dendrograms with 
resultant two-way table.
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Figure 5A-10. May classification results. Normal and inverse dendrograms with resultant 
two-way table.
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the 9 m isobath stations from Transects B, C, D, E, and F, and also the 15 m 
station from Transect E. Station Group 3 was composed exclusively of the 6 m 
isobath stations from Transects B, C, D, E, and F. Station A from this depth 
contour was not sampled during May because of the presence of exposed rock 
substrate.  

The May inverse analysis contained five species groups (A through E in 
Figure 5A-10). A relatively high abundance of species Group A characterized 
station Group 1. Although a few species such as Argissa hamitipes and Magelona 
sacculata occurred at other stations, Group A species were primarily restricted 
to the deeper (15 m) isobath areas. Species in Group B were primarily found 
in relatively high abundances at stations in Groups 1 and 2. Species such as 
Paraprionospio pinnata, Euphilomedes carcharodonta, and Lumbrineris tetraura 
occurred in higher abundances at the 15 m stations than at the 9 m stations of 
Group 2. Some species in this group including Goniada littorea, were found at the 
shallower (6 m) stations, but only at low abundance. Species in Group C were 
found at all stations, and their relative abundance was similar at all depths.  
Species of this group included Tellina modesta, Amastigos acutus, and Rhepoxynius 
epistomus. Species of Group D were scattered among all the sites with slightly 
more occurrences at the 9 m and 15 m stations, however, no well-defined pat
tern was apparent. Site Group 3 was characterized by the high abundance of 
species from Group E, including Rhepoxynius bicuspidatus and Eohaustorius 
washingtonianus. Several of the species from this group also appeared at other 
depths, but only in low or very low abundance.  

Summer Classification 

The normal classification of August data resulted in the formation of 
three station groups conforming to the three isobaths sampled (Figure 5A-11).  
Station Groups 1 and 2 were separated from Group 3 by the primary dendrogram 
division, while Groups 1 and 2 were separated by the secondary split. Station 
Group 1 was composed of the 15 m isobath stations A through F. The 9 m isobath 
stations A through F comprised station Group 2. The shallow 6 m isobath stations 
A through F formed Group 3. It should be noted that Station A from the 6 m 
isobath was unique and split off from the remainder of Group 3 by a tertiary 
divi sion.  

Inverse analysis of the August data resulted in the formation of seven 
species groups (A through G, Figure 5A-11). Species from Group A characterized 
the 15 m isobath stations of Group 1, and occurred in medium to high relative 
abundance. Among the species from this group were Acuminodeutopus heteruropus 
and Euchone incolor. Species from Group B also characterized the 15 m isobath 
stations in relatively high abundance, but many of the species including Pista 
fasciata and Chaetozone setosa, were found at 9 m isobath stations of Group 2 (in 
lower relative abundances). Group C species were found at most 9 m and 15 m 
isobath stations in low to high abundance. Although a few of these species were 
found at the shallow 6 m stations, several species such as Mediomastus acutus and 
Lumbrineris tetraura were only recorded from the 9 m and 15 m stations. Although 
less dense and consistent at 9 m and 15 m stations, species from Group D exhibited 
a distributional pattern similar to those of Group C. Species from Group E 
were found at all stations, and included Rhepoxynius epistomus and Tellina 
modesta. Group F species were found in their highest relative abundance at 
shallow (6 m) isobath stations, although some species such as Apoprionospio 
pygmaeus were found at all stations. Species Group F included Eohaustorius 
washingtonianus and Leptocuma forsmani. Species from Group G were scattered 
primarily among the 9 m and 15 m isobath stations. Their inconsistent represen
tation among the stations at any particular isobath probably accounted for their 
assignment to this group.
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Fall Classification 

The normal classification dendrogram for November exhibited one primary 
and one secondary division resulting in three groups of stations (Figure 5A-12).  
The primary division separated Groups 1 and 2 from 3. The secondary division in 
turn separated Group 1 from 2. Station Group 1 was composed exclusively of 15 m 
isobath stations including those from Transects A, B, C, and F. Station Group 2 
contained all the 9 m isobath stations A through F plus the 15 m stations from 
Transects D and E. The 6 m isobath stations from Transects A through F were all 
in station Group 3.  

The inverse analysis of November data produced five species groups (A 
through E, Figure 5A-12). Species in Group A including Acuminodeutopus heteruropus 
and Oxyurostylis pacifica occurred in high abundance and characterized the 15 m 
isobath stations of Group 1. Some species from this group were found at Group 2 
stations, including the two 15 m isobath stations from Transects D and E. Species 
from Group B were usually found at the 9 m and 15 m isobath stations of Groups 1 
and 2. Although the relative abundance of these species was medium to high, they 
were not consistently found at all stations within an isobath. Species from Group 
C were found at all stations in widely varying abundances. Included in this group 
were Rhepoxynius epistomus, Mediomastus acutus, and Tellina modesta. Species from 
Group D were primarily found at 9 m and 15 m isobath stations in medium to high 
relative abundance. Species included in this group were Mediomastus ambiseta 
and Goniada littorea. The shallow 6 m isobath.stations of Group 3 were character
ized by medium to high relative abundances of species from Group E. These 
species, including Eohaustorius washingtonianus and Rhepoxynius bicuspidatus, 
were found at other stations, particularly those from the 9 m isobath, but in 
lower relative abundance.  

RELATIONSHIP BETWEEN BENTHIC INFAUNAL COMMUNITY DISTRIBUTION PATTERNS AND THE 
PHYSICAL-CHEMICAL ENVIRONMENT 

Weighted multiple discriminant analysis was employed to identify the most 
important abiotic features associated with biotic distributional patterns.  
The variables examined in the analyses and their abbreviations are listed in 
Table 5A-10.  

The variables considered in the discriminant analysis provided separately or 
in combination, food and habitat resources for the infaunal community. Single 
variables may have supplied combinations of resources for selected species. For 
example, sediment constitutes both habitat and food for deposit feeding poly
chaetes. The discriminant analysis produced linear combinations of abiotic 
variables (axes) which best separated the station groups predefined by the 
classification analysis. The relative 
importance of a variable in the Table 5A-10. Variables (and abbreviations) con

formation of a discriminant axis sidered in the multiple discriminant 

was indicated by the magnitude of analyses.  
its coefficient of separate determi- Variable Abbreviation 
nation (Table 5A-11). The most impor
tant variables are indicated on uer ec H 

the discriminant axes which depict Sediment Organic Carbon TOC 
group separations (Figures 5A-13a Sediment Calcium Carbonate Carbon cc 

Sediment Temperature ST through d).  thog '.Water Clarity WC 
Sediment Flux SF 

A vector diagram is presented on Sediment Height SH 
each discriminant figure (Figure Sediment Height 
5A-13a through d). The vectors indi- Sediment Factor 2 SF2 
cate the direction of increase for the Sediment Factor 3 SF3 
important abiotic variables. The Sediment Factora4 SF4
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Table 5A-11. Coefficients of separate determination.  

Abiotic Variables Axis 1 Axis 2 Abiotic Variables Axis 1 Axis 2 

February August 

Sediment Factor 1 25.1 36.8 Sediment Factor 1 26.8 3.3 

Sediment Factor 2 7T _TX Sediment Factor 2 12.4 

Sediment Factor 3 1.1 2.4 Sediment Factor 3 1.9 TX 

Sediment Factor 4 0.6 11.3 Sediment Organic Carbon 4.5 0.1 

Sediment Organic Carbon 0.4 2~ Sediment Carbonate Carbon 1.8 0.6 

Sediment Calcium Carbonate Carbon 1.9 5.8 Sediment temperature 20.0 65.2 

Sediment Temperature 0.6 4.0 Depth 

Depth 52.9 21.4 Water clarity T 8.3 

Water Clarity 7T TT Sedimentation flux 12.2 0.4 

Sedimentation Flux 1.3 4.4 Sediment height T 0.2 

Sediment Height 0.2 4.3 Change in sediment height 0.4 5.5 

Change in Sediment Height 1.1 1.0 

Ma November 

Sediment Factor 1 4.8 44.7 Sediment Factor 1 5.2 5.6 

Sediment Factor 2 9.4 TT Sediment Factor 2 1.3 7.6 

Sediment Factor 4 1.9 0.2 Sediment Factor 3 0.5 21.1 

Sediment Organic Carbon 4.8 21.6 Sediment Organic Carbon 3.5 
Sediment Calcium Carbonate 2.2 4.7 Sediment Carbonate Carbon 6.9 5.9 

Sediment Temperature 2.4 9.7 Sediment temperature 2.8 0.0 

Depth 44.0 2.3 Depth 39.4 16.1 

Water Clarity TWT 3.0 Water clarity 
Sedimentation Flux TT 7.2 Sedimentation flux -2T 77 

Sediment Height TX 0.6 Sediment height TX 2.0 

Change in Sediment Height 0.0 1.4 Change in sediment height 2.1 13.7 

correlation of sediment textural features with the sediment factor variables 
considered in the discriminant analyses are listed in the Factor Matrix (Table 
5A-12). Sediment features positively correlated with an axis, increase in the 
direction indicated by the corresponding vector arrow. Those sediment features 
negatively correlated with the sediment factor increase in the opposite direc
tion and are indicated on the figures by a dashed arrow line. The direction of 
increased numbers of species is also indicated on the vector diagrams. The 
important variables are interpreted in relation to the community structure and 
species distributional differences.  

Two discriminant axes adequately separated the four station groups from the 
classification of February data (Figure 5A-13a). Axis 1 accounted for 82.1% of 
the between groups separation while Axis 2 accounted for 8.6% for a cumulative 
value of 90.7% (Table 5A-13). The dominant variables on the first axis were 
Sediment Factor 1 and water depth (Table 5A-11). Coarse silt, medium silt, 
coarse clay, fine clay, and very fine clay were all positively correlated with 
Sediment Factor 1, while very fine sand was negatively correlated (Table 5A-12).  
The dominant variables on Axis 2 were Sediment Factor 1, Sediment Factor 4 and 
water depth. The sediment distribution characteristics of skewness and kurtosis 
were highly correlated with Sediment Factor 4. Station Al was unique during this 
quarter because of the large quantities of fine silts and clays located there 
compared to other 6 m stations. The faunal differences reflected in the station 
groupings were in part explained by the differences in the dominant physical/ 
chemical factors. The vector diagram on Figure 5A-13a illustrates that the number 
of species increased with increasing depth, with the quantity of finer sediments 
(silts and clays), and with the degree of skewness, leptokurtosis of the sedi
ments (finer sediments dominating). The opposite of these patterns was noted at 
the 6 m isobath stations (Group 3) with fine sands becoming important in the 
shallower water. The 9 m isobath stations were in an intermediate position on 
this gradient of abiotic variables.  

Two discriminant axes separated the three station groups from the classi
fication analysis of May data (Figure 5A-13b). Axis 1 accounted for 69.2% of the 
between group separation variance while Axis 2 accounted for an additional 16.6% 
for a cumulative total of 85.8% (Table 5A-13). The dominant abiotic features on
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Table 5A-12. Sediment factors derived from principal components analysis with varimax 
rotation. Underlined values represent high correlations with the sediment 
factor.  

Sediment Sediment Factors Sediment Sediment Factors 

Characteristics Phi Size 1 2 3 4 Characteristics Phi Size 1 2 3 4 

February August 

Very coarse sand -1< 0 0.14 0.97 -0.06 -0.07 Very coarse sand -1< 0 -0.05 0.43 0.05 
Coarse sand 0< 1 0.14 DTE -0.03 -0.15 Coarse sand 0< 1 0.58 0.50 0.42 
Medium sand 1< 2 0.17 7T -0.02 -0.58 Medium sand 1< 2 0.49 0.75 0.33 
Fine sand 2< 3 -0.20 U_.R -0.01 -0.23 Fine sand 2< 3 -0.54 =TE 0.16 
Very fine sand 3< 4 -0.84 -0.35 -0.07 0.19 Very fine sand 3< 4 -0.85 -0.16 0.32 
Coarse silt 4< 5 U77 -0.05 0.07 0.07 Coarse silt 4< 5 UTY -0.20 -0.41 
Medium silt 5< 6 557 0.19 0.08 0.18 Medium silt 5< 6 U79 -0.21 -0.44 
Fine silt 6< 7 =37 0.68 0.24 0.01 Fine silt 6< 7 TT -0.08 -0.20 

Very fine silt 7< 8 -0.09 0.03 0.96 0.06 Very fine silt 7< 8 0.57 -0.34 -0.23 
Coarse clay 8< 9 0.75 0.44 UT4 0.10 Coarse clay 8< 9 0.05 -0.67 0.23 
Medium clay 9<10 =~T -0.02 0.26 -0.01 Medium clay 9<10 0.73 -=7Y 0.09 
Fine clay 10<11 0.83 0.10 -0.19 0.22 Fine clay 10<11 = -0.70 0.29 
Very fine clay 11<12 U.E -0.08 -0.02 0.27 Very fine clay 11<12 0.69 -= T 0.48 
Very fine clay 12<13 0.80 0.06 -0.29 0.31 Very fine clay 12<13 0.30 -0.43 0.45 
Very fine clay 13<14 5.7 -0.01 -0.23 0.33 Very fine clay 13<14 0.40 -0.01 0.61 
Very fine clay 14<15 0.74 0.13 -0.32 0.34 Very fine clay 14<15 0.37 -0.35 0.53 

Sediment Mean phi - 0.59 -0.40 0.06 0.38 Sediment Mean phi - 0.73 -0.54 -0.37 
Sediment sorting - 0.78 0.43 -0.02 -0.07 Sediment sorting - . -0.00 0.31 
Sediment skewness - = -0.08 0.01 0.90 Sediment skewness - -3T -0.75 0.14 
Sediment kurtosis - 0.14 -0.15 0.06 T.V1 Sediment kurtosis - -0.58 -710 0.18 
Sharp & Fan sorting - -0.63 -0.38 -0.05 +535 Sharp & Fan sorting - -0.85 -=TE -0.05 

Ma~. November 

Very coarse sand -1< 0 0.97 -0.05 -0.21 -0.04 
Coarse sand 0< 1 117T 0.07 -0.26 -0.01 Coarse sand 0< 1 0.49 0.07 -0.23 -0.22 
Medium sand 1< 2 TW 0.19 -0.42 -0.02 Medium sand 1< 2 0.55 0.08 -0.63 -0.34 
Fine sand 2< 3 =DT 0.84 -0.27 -0.06 Fine sand 2< 3 0.26 0.12 -0.89 0.11 
Very fine sand 3< 4 -0.50 =3T 0.40 -0.11 Very fine sand 3< 4 -0.60 -0.10 = i 0.21 
Coarse silt 4< 5 0.07 -0.95 -0.12 0.11 Coarse silt 4< 5 0.23 0.06 0.66 -0.14 
Medium silt 5< 6 0.75 -07 -0.22 0.37 Medium silt 5< 6 0.70 -0.27 0.49 -0.25 
Fine silt 6< 7 U7U -0.29 0.07 -0.42 Fine silt 6< 7 UTU 0.23 0.05 0.85 
Very fine silt 7< 8 5ff -0.41 -0.04 0.77 Very fine silt 7< 8 0.61 0.24 0.26 -0.67 
Coarse clay 8< 9 0.86 -0.18 0.16 -0.28 Coarse clay 8< 9 -0.13 -0.01 -0.05 0.28 
Medium clay 9<10 -727 -0.15 0.27 0.89 Medium clay 9<10 0.44 0.07 0.20 -0.84 
Fine clay 10<11 0.98 -0.04 -0.10 -0 W Fine clay 10<11 -0.17 -0.81 0.08 -0.06 
Very fine clay 11<12 0.80 -0.12 -0.07 0.54 Very fine clay 11<12 0.20 -UT 0.02 -0.90 
Very fine clay 12<13 7 -0.05 -0.22 -0.02 Very fine clay 12<13 -0.01 -0.97 0.10 -0.13 
Very fine clay 13<14 37F -0.08 -0.18 0.29 Very fine clay 13<14 0.08 -7 0.08 -0.58 
Very fine clay 14<15 ="7 -0.05 -0.21 -0.04 Very fine clay 14<15 0.01 -U796 0.07 0.04 

Sediment Mean phi - 0.03 -0.97 0.11 0.21 Sediment Mean phi - -0.03 -0.12 0.99 -0.06 
Sediment sorting - 0.90 =UT -0.14 0.23 Sediment sorting - 0.67 -0.17 -U=. -0.59 
Sediment skewness - -5T I -0.08 0.96 0.13 Sediment skewness - -0.92 -0.07 0.10 0.03 
Sediment kurtosis - -0.25 -0.05 -U95 0.02 Sediment kurtosis - -7W -0.00 0.09 0.09 
Sharp & Fan sorting - -0.62 -0.18 U1 -0.28 Sharp & Fan sorting - -TTY -0.07 0.23 0.25 

the first axis were water depth, water clarity, and sediment flux (Table 5A-11).  
Axis 2 was dominated by Sediment Factor 1 and sediment organic carbon content.  
Sediment Factor 1 primarily reflects the highly correlated sediment size vari
ables of medium and fine silt, coarse clay, fine and very fine clay, as well as 
very coarse, coarse, and medium sand. The bimodality of Sediment Factor 1 was 
principally influenced by Station E3 which apparently had a fine layer of clays 
relict deposits containing coarse sands. The vector diagram showed that the 
number of species increased with increased water depth, greater water clarity, 
increased sediment organic carbon, and finer sediments. Lower sedimentation in 
terms of sediment flux was also associated with higher species numbers.  

Two discriminant axes separated the three station groups derived from the 
classification analysis of August data (Figure 5A-13c). Axis 1 accounted for 
86.1% of the between group separation while Axis 2 added another 6.10% for a 
total of 92.2% of the variance (Table 5A-13). The most important variables on the 
first axis were Sediment Factor 1, sediment temperature, and sedimentation flux.  
Sediment Factor 1 represented the highly correlated variables of coarse silt, 
medium silt, coarse, fine, and very fine clay (Table 5A-12). Fine sand was 
negatively correlated with Sediment Factor 1. Sediments at stations with high
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values of sediment Factor 1 were also Table 5A-13. Amount of between group separation 

usually poorly sorted (i.e. contained accounted for by each discriminant 

a wide range of sediment sizes). Axis axis.  

2 was dominated by the abiotic vari- CunSuuxatiiye 

ables of Sediment Factor 2 plus Survey Axis Percent of Variance 
sediment temperature. Sediment Factor February 1 82.1 
2 represented the highly correlated 2 90.7 

sediment feature of medium sand and May 1 69.2 

the negatively correlated character
istics of coarse and fine clay, August 1 86.1 

skewness, and kurtosis. The vector Nove2er 1 76.2 

diagram illustrates that increased 2 85.3 
numbers of species are associated with 
increased water depth, skewed lepto
kurtotic sediment regimes containing greater quantities of fine sediments 
(particularly silts and clays), and lower sediment temperatures. These features 
are all associated with the deeper 9 m and 15 m isobath stations. Lower numbers 
of species were associated with the sandier, warmer sediments of the inshore 6 m 
stations.  

Two discriminant axes adequately separated the three major station groups 
defined by the classification of the November survey data (Figure 5A-13d). Axis 1 
accounted for 76.2% of the between group separation while Axis 2 added another 
9.1% for a total of 85.3% (Table 5A-13). It should be noted that Station E3 from 
the 15 m isobath closely resembled the remainder of the 15 m stations with 
respect to the dominant environmental variables of Axes 1 and 2 and, therefore, 
clustered close to these stations in discriminant space. However, biologically 
the community at Station E3 more closely resembled those 9 m isobath stations 
grouped in station Group 2 (Figure 5A-12). The most important environmental 
variables of the first axis were water depth, water clarity, and sedimentation 
flux. Axis 2 was dominated by Sediment Factor 3, depth, water clarity, and change 
in sediment height (Table 5A-11). Mean phi was positively correlated with Sedi
ment Factor 3 while medium sand was negatively correlated with this factor (Table 
5A-10). The vector diagram (Figure 5A-13d) illustrates that greater numbers of 
species were associated with deeper water, increased water clarity, and sediments 
which were finer (indicated by high mean phi). The shallower 6 m isobath stations 
of Group 3 supported lower species numbers. These stations had decreased water 
clarity, coarser sediments (including a predominance of medium sand) and greater 
sedimentation flux.  

DISCUSSION 

NUMBER OF SPECIES, INDIVIDUALS, AND BIOMASS OF THE BENTHIC INFAUNAL COMMUNITY 

The number of species, number of individuals, and biomass are interrelated 
community parameters. These features were examined at SONGS quarterly on a 
station by station basis during 1979. (See Table 5A-14 for station depth abbre
viations). The survey grid encompassed both reference and treatment areas and 
provided a framework within which construction and/or operation induced changes 
in these features could be assessed.  

The number of species was used in assessing diversity, in preference to an 
index (e.g. Shannon-Weiner index), since it does not imply ecological importance 
based on species abundance and can incorporate encrusting and colonial organisms 
(Cody 1974, Hurlbert 1971, Pianka 1966). The species numbers provided a biolog
ically meaningful basis for interpreting diversity differences between areas 
since the presence of a species implied its occupation of a multidimensional
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Table 5A-14. Station depth abbreviations. niche (Hutchinson 1957). An area with 
Depth Transects greater species diversity reflected 

more efficient use of available niches 
6 m Al B1 C1 D1 El Fl and/or an area with a greater number 
9 M A2 B2 C2 D2 E2 F2 of niche resources.  

15 M A3 B3 C3 D3 E3 F3 
The dominant biotic pattern, which 

was not modified by construction of Units 2 and 3 or operation of Unit 1, 
was the increase in the number of species with depth. This pattern was evident 
throughout 1979 (Figures 5A-3 and 5A-4), and followed the results of 1978 (SCE 
1979). This pattern is characteristic of exposed open coast environments such as 
SONGS (Lie and Kisker 1970, Diener and Parr 1977).  

The mean number of species at reference and treatment stations was very 
similar throughout the year (Figure 5A-3). However, there were two notable 
exceptions to this general trend. Station Al in May supported no infauna. The 
absence of suitable soft substrate was responsible for this, since substantial 
erosion at this station prior to the May survey resulted in the exposure of 
underlying cobble. This change was assumed to be a result of natural forces, 
since Transect A is removed from SONGS influences. Total elimination and recovery 
of the infaunal community within a six-month period emphasized both the high 
natural variability of the habitat, and the ability of the community to rapidly 
recover after massive perturbation.  

A second departure from generalities occurred at Station, E3. Throughout 
1979 this station supported lower numbers of species than other 15 m station.  
This could not be attributed directly to construction or operation effects, and 
there is evidence (discussed in detail in Relationship of Community Patterns to 
Physical/ Chemical Environment) that natural substrate alterations influenced the 
observed biological changes.  

A pronounced seasonal pattern of change in the number of species was 
apparent at all depths (Figure 5A-3). The greatest number of species was found 
at the 6 m stations during May following seasonal lows in February. These results 
were similar to those of 1978 (SCE 1979), however, the magnitude of seasonal 
variation noted during 1978 was small. Seasonal highs in the number of species 
found at the 9 and 15 m isobaths occurred in August, with values declining 
slightly in November. Although a similar pattern was noted in 1978 (SCE 1979:) 
species numbers remained fairly high through November of that year.  

The number of species are displayed by station in Figure 5A-4. Patterns of 
species diversity revealed by each quarterly survey were well defined by a 
summary graph for the entire year (Figure 5A-14b). The increase in species 
diversity with depth was again illustrated by these data. The patterns of 
enhancement and depression of species numbers upcoast and downcoast of Units 2 
and 3 and the discharge of Unit 1 recorded during 1978 (SCE 1979) were still 
evident, though less distinct. The 6 m treatment stations displayed slightly 
elevated annual mean species numbers. The number of species at Station C1 was 
elevated as in 1978, but Station Dl, which in 1978 supported depressed numbers of 
species, exceeded the reference stations in species numbers during 1979.  

The elevated numbers of species in 1978 at Station C2 (SCE 1979) did not 
recur in 1979, although the depressed count at Station D2 did. Slightly elevated 
species numbers were noted for Station C3, while depressed species numbers were 
noted at Stations D3 and E3. (Explanations for these observations are advanced in 
subsequent paragraphs.) 

The mean number of individuals/i recorded by depth during the quarterly 
surveys is shown in in Figure 5A-5. As with the patterns noted for species
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diversity, trends in the annual mean OC a 
number of individuals/i were fairly S 
consistent between stations on the 0-._A 
same isobath. Reference and treatment U 
stations generally contained similar 
annual mean numbers of individuals/t, 
suggesting limited effects from 2 Isobaths: 

construction or operation. Peak 
seasonal abundance occurred in August, 1 
and was particularly evident at the 6 b 

and 9 m isobath stations. In the month 
of peak abundance, August, high 0 
numbers of individuals/z were recorded 60- 
at the 6 m stations, while the lowest s 
numbers of individuals/z were found at 
the 15 m stations. 40 

Annual mean number of individ- z 
uals/z for each station (Figure Z 20 

5A-14a) reflected a pattern of 1 
enhancement and depression similar to 
that observed for numbers of species. 0 
Treatment stations on the 9 and 15 m 
isobaths upcoast of the dredgeline 
supported elevated numbers of indi
viduals/z compared to reference 
stations, while lower values were 
noted downcoast of the centerline of 
Units 2 and 3. This pattern was re- 1 X 
versed at the 6 m treatment stations. z 

Station differences in the number 0 
of species and the number of indivi- DOWNCOAST UPCOAST 

duals, which produced the enhancement TRANSECT 
/depression patterns illustrated in Figure 5A-14. summary graphs for entire year il

Figue 5-14 wee tetedforstais-lustrating a) number of individuals, b) 
Figure 5A-14, were tested for statis-biomass of 
tical significance. Not all station benthic infaunal species from each 
pair comparisons were statistically station.  
different, however, many pair comparisons for selected depths and survey periods 
were (Table 5A-5 and 5A-6). The pairwise comparison results suggest that the 
observed patterns of enhancement/depression of species numbers and individuals 
are real and not sampling artifacts.  

Total benthic infaunal biomass (g/yi) at each station was plotted by survey 
(Figure 5A-7) and presented graphically for the entire year in Figure 5A-14c.  
These patterns depicted paralleled those shown for species diversity. Biomass 
increased with depth, and a similar pattern of elevation and depression upcoast 
and downcoast of the dredgeline was evident.  

The three community parameters discussed above are interdependent and 
strong similarities in their distributional patterns were expected. There 
was a strong relationship between biotic patterns and sediment patterns (see 
Chapter 2D, Sedimentology). Biotically correlated environmental features were; 
change in sea floor elevation, sediment flux, and sediment organic carbon con
tent (Appendix V). Natural longshore sediment transport processes appear to 
have been modified by the presence of the construction related laydown pad and 
trestles, and the pipeline emplacement. The result was net accretion of sediments 
upcoast and adjacent to the construction activities, and erosion with inhibited 
replacement downcoast of this area. Thus, the enhancement and depression patterns
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previously noted, resulted from substrate modification associated with construc
tion activities. It is anticipated that these effects will not persist after 
the barriers to normal longshore transport have been removed. The slightly 
elevated level of organic carbon in the sediments at treatment stations upcoast 
of the dredgeline and near the Unit 1 discharge appear to be related to Unit 1 

operation. They may have resulted from the expulsion of debris following heat 
treatment as suggested by Diener and Parr (1977), or come from the deposition of 
other debris carried by the thermal discharge plume of Unit 1.  

The patterns reflected by the number of individuals/i may in part represent 

species life history adaptations to the environment off SONGS. Dynamic environ
ments of low predictability generally favor species with opportunistic life 
history attributes (Grassle and Grassle 1974). Such attributes typically include 
rapid growth and colonization rate, high reproductive and mortality rates, high 
population density and production, small individual size and biomass, and low 
standing crop (Grassle and Grassle 1974, Pianka 1970, Sameoto 1968). Such species 
have populations whose density is subject to rapid fluctuation, and which often 
suffer local extinction. The majority of the species occupying the inshore (6 m) 
stations (which exhibited high substrate dynamism) would be considered oppor
tunists. This may account for the increased numbers of individuals/Z without 
corresponding biomass changes and the decrease in numbers proceeding offshore to 
more stable substrate conditions.  

Additional factors associated with substrate stability can influence 
observed biotic patterns by affecting larval recruitment. Many species colonize 
from meroplanktonic recruits transported into the SONGS area by currents and 
water masses. Substrate selection by recruits is dependent on many factors 
including sediment texture (Crisp and Ryland 1960), substrate surface contour 
(Crisp and Barnes 1954), and current strength and turbulence near the substrate 
(Crisp 1955, Crisp and Meadows 1963). All of these factors were influenced by 
the construction-modified local patterns of accretion and erosion as well as 
operation of Unit 1.  

COMMUNITY TROPHIC STRUCTURE 

Benthic infaunal communities depend on a variety of energy sources including 
plankton, sediment organics, suspended terrestrial and aquatic detritus, and 
localized detrital drift. Although none of the species collected during the 
subtidal infaunal sampling directly utilized the sun as an energy source (primary 
production), all were ultimately dependent on the organic materials manufactured 
by primary producers.  

Species diversity increased through the year reaching maximum levels in 
August (Figure 5A-3). This pattern of increase was reflected in the numbers of 
species in each feeding type, with the exception of carnivores whose maximum 
numbers were observed in May (Figure 5A-8). The deposit feeding species exhibited 
the largest numerical increase (10 species); a rise of 36% (Appendix V). Carni
vorous and filter feeding species each increased by 5 species, or 50% above their 
lowest mean numbers. The largest percentage increase within a trophic group 
occurred with omnivorous species which increased 75% from a mean low of 3.9 
species/L in February to 6.5 species/i in August. These results suggest that the 
community underwent a seasonal growth cycle similar to that noted in 1978 (SCE 
1979). The differing rates of change between trophic types indicated a community 
trophic shift. This shift may be a response to changes in the availability of 
food resources during the year, or simply reflect the change in community compo
sition resulting from habitat modification by hydrographic seasons (i.e. the 
relative calm of summer conditions versus winter storms).
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The mean number of deposit 
feeding species increased with depth 
(Figure 5A-15). Sanders (1968) 
described a similar pattern in a study 10 

of Buzzards Bay, Massachusetts. This a 
increase was in part associated with FILTERFEEDERS 

the greater quantities of silts C 

and clays, which bind organic food C 

sources, in deeper water sediments 2 

(Newell 1972). The enhancement/ 0') 
depression pattern described earlier ..  

for the total species number was only 
pronounced for deposit feeders at the 
15m treatment stations. However, a 0 
slight depression in species number U OMNIVORES 

was also noted at Station D2. The Z C 

elevated number of species found at Z O

Station C3 could be related to ele
vated organic levels observed at this 0 C 
station, and presumed to have origi- C d 

nated at the Unit 1 discharge.  
Depressed species numbers at both 9 
and 15 m stations downcoast of the 
dredgeline appear to be related to _ 
modification of sediment regimes by 
construction structures rather than 
discharge of dredge spoil.  

30- sbts 

Consistent with the pattern for 25 
deposit feeders, and in contrast to 
the findings of Sanders (1968), the 
number of filter feeders increased 15 
with depth (Figure 5A-15a). The 
consistency of this pattern between 0 

years suggests that this pattern is DOWNCOAST UPCOAST 

characteristic of the SONGS area and 
contrasts to that found on the Figure5A-15. Summary for entire year bystationof 

east coast of the United States. the number of benthic species of each 

Filter feeding species as a group have feedingtype.  
been described as characteristic of 
sandy substrates (Sanders 1968; Rhoads and Young 1970). However, the number 
of species found in offshore silt-clay dominated sediments near SONGS exceeded 
those found in the inshore sandy sediments. The number of filter feeding species 
exhibited little evidence of the enhancement/depression pattern observed for the 
number of species occurring upcoast and downcoast of the dredgeline. (A slight 
depression in the number of species at stations downcoast of the dredgeline in 
15m of water was apparent (Figure 5A-15a). Since filter feeding species depend 
on the substrate solely for habitat and not food, these results support the 
hypothesis advanced to explain the elevated numbers of deposit feeders at Sta
tions C2 and C3. That is, increased species numbers occurred in response to 
elevated food resources supplied by detrital outfall from the Unit 1 discharge.  

The mean number of carnivorous species found at each station increased 
with depth (Figure 5A-6). A notable exception was Station E3 which yielded 
significantly lower numbers of carnivorous species. 'No simple explanation for 
this is apparent; however, Station E3 differed greatly from all others in com
munity composition during several seasonal surveys. Its uniqueness, along 
with possible explanations, are discussed in the next two sections (Patterns 
in Benthic Infaunal Community Distribution, 'Relationship Between Community
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Distribution Patterns and the Physical/ Chemical Environment). The pattern of 
enhancement/depression of species numbers was not well defined with respect to 
numbers of carnivorous species.  

Few omnivorous species occurred in the benthic infaunal samples (Figure 
5A-15c). The pattern of enhancement/depression of species numbers upcoast and 
downcoast of the Units 2 and 3 construction activities and Unit 1 operation was 
evident in the distributional patterns of omnivores. This was particularly true 
at the 9 m treatment stations, which displayed a well defined pattern.  

Patterns in Benthic Infaunal Community Distribution 

Classification analysis of benthic infaunal data revealed several types of 
community distributional patterns. They were: 1) clusters of stations whose 
communities varied along a depth gradient, 2) individual stations within the 9 
and 15 m isobaths which clustered with stations from other depths due to faunal 
differences, 3) groups of species whose distribution and highest abundance 
characterized specific isobaths, and 4) presence of several ubiquitous species.  
All patterns (except 2) persisted throughout the year and were similar to the 
results from 1978 (SCE 1979).  

Normal analyses of data from all four surveys revealed a distinct onshore
offshore pattern of station similarity which corresponded to the depth gradient 
(Figures 5A-9 through 5A-12). The results indicated that most stations on an 
isobath (both reference and treatment stations) had similar faunal assemblages 
throughout the year.  

Communities at the 9 and 15 m stations were more similar to each other 
than either was to the inshore 6 m station biota. This was apparent from the 
dendrogram which showed a primary dichotomy betwen the 6 m stations and the 9 and 
15 m stations. Further, the secondary dichotomy between 9 and 15 m station groups 
occurred at a much lower level of dissimilarity than the primary dichotomy 
(Figures 5A-9 through 5A-12).  

An important feature of the station classification dendrograms was the high 
internal consistency within a station group, (i.e. close similarity of the 
stations with respect to community composition). Also, there was a significant 
absence of intragroup divisions separating reference and treatment stations.  
Further, no aberrant groups of stations appeared that were totally distinct from 
the major groups above. These results suggest that communities within an isobath, 
while varying occasionally, displayed a high degree of internal consistency 
in the presence and abundance of dominant community members.  

No benthic infaunal samples were collected from Station Al (Table 5A-14) 
during the May survey since only rock substrate remained after storm erosion of 
the sediments. In August, when Station Al was revisited, a new community had 
developed which was similar to others found at the 6 m depth. However, as sug
gested by the tertiary division in the classification analysis (Figure 5A-11) the 
community still differed somewhat from others at the 6 m isobath. Total species 
numbers were very close but composition and abundance differences set Station Al 
apart. In particular, the high abundance of the polychates Notomastus tenuis, 
Sabellaria nanella, and Lumbrineris pallida, the razor clam Solen sicarius 
and the sand dollar Dendraster excentricus were responsible for the observed 
differences since no other 6 m stations supported these species. This species 
assemblage may represent a successional community stage, since the species 
composition at Station Al had apparently equilibrated by the November survey 
(Figure 5A-12), and appeared very similar to that of other 6 m stations.



5A-30 

Although the normal classification analysis generally grouped stations by 
depth, occasionally a station would be grouped outside of its respective depth 
group (e.g. Stations E3 and D3 in station Group 2 of the February survey, Station 
E3 in station Group 2 and A2 in station Group 1 in the May survey). Since station 
groups represent stations with similar species composition, a shift in species 
makeup must have occurred in which the faunal composition of the outlier station 
resembled stations from a different isobath. An examination of the two-way table 
revealed the changes in species composition which occurred (Figures 5A-9 through 
5A-12). This phenomenon was apparently short-lived, since stations which shifted 
group affinities returned to their depth group in subsequent surveys. The excep
tion to this pattern was Station E3 which grouped with the 9 m isobath stations 
during three surveys. The February and May classification results (Figures 5A-9 
and 5A-10) show that Station E3 clustered with station Group 2 (9 m stations) 
primarily because of the absence of species in Groups A and B which characterize 
15 m isobath stations. In November (Figure 5A-12) following return to the 
"proper" station group with a full compliment of species, Station E3 along with 
D3, clustered with the 9 m station Group 2. Similar to the February and May 
results, many of the characteristic species from the 15 m stations (Group A) are 
absent or in reduced abundances at these stations. Major substrate differences in 
sediment size and grain size distribution were highly correlated with the 
observed biological differences. The biological differences probably represent 
responses to habitat modification and are discussed in greater detail in the 
following section (Relationship Between Benthic Infaunal Community Distribution 
Patterns and The Physical-Chemical Environment).  

The species groups determined from the inverse classification had abun
dance patterns characterizing the various stations which persisted through the 
year. However, as some species additions and disappearances occurred between 
surveys the communities were modified slightly through the year. Since a large 
number of species was included in these analyses, subsequent discussions will 
treat only a few of the species which displayed a particular pattern. Species 
patterns can be ascertained by examination of the two-way tables (Figures 5A-9 
through 5A-12).  

The inshore 6 m isobath stations were characterized by species groups 
with few species. Many of these species also occurred at the same stations in 
1978 (SCE 1979). The species listed below either were found exclusively at 
the 6m stations during most seasons or exhibited their greatest relative abun
dance at these stations. These species included: the polychaetes Scoloplos 
armiger, Spiophanes bombyx, Magelona pitelkae, and Dispio uncinata; the amphipods 
Rhepoxynius bicuspidatas and Euhaustorius washingtonianus; and the cumacean 
Leptocuma forsmani.  

Species which were restricted to the 9 m isobath stations during most 
seasons or which occurred in their highest relative abundances at these stations 
included: the polychaetes Scoloplos armiger (February), Amastigos acutus, and 
Owenia collaris; the mollusks Neverita recluziana, Periploma planiusculum and 
Yoldia scissurata; the amphipod Photis macrotica and the ophiuroid Ophiophragmus 
digitata.  

Species unique to the 15 m isobath or which occurred in highest abundance at 
these stations included: the polychaetes Mediomastus ambiseta, Mediomastus 
acutus, Nephtys cornuta franciscana, Chaetozone setosa, and Eusigalion spinosum; 
the ostracod Euphilomedes carcharodonta; the cumacean Oxyurostylis pacifica; and 
the amphipod Monoculodes hartmanae.  

Most of the species encountered in the quarterly subtidal benthic collec
tions displayed a definite distributional pattern and occured in assemblages
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which characterized distinct depth intervals. Some species, however, were ubi
quitous in the study area, although they may have occurred in high abundance at 
only one depth. Among these species were: the polychaetes Spiophanes bombyx, 
Amastigos acutas, and Spiophanes missionensis; the mollusk Tellina modesta; the 
isopod Edotea sublittoralis; the amphipod Rhepoxynius epistomus and the cumacean 
Diastylopsis tenuis.  

The restricted patterns of distribution exhibited by many of the species 
discussed above was not coincidental. Physiological, food and habitat require
ments define the area where an organism can live. Once a suitable environment has 
been invaded, other factors such as interspecific and intraspecific competition 
for limited resources become the key factors influencing localized patterns of 
distribution (Connell 1972, Dayton 1971).  

RELATIONSHIP BETWEEN COMMUNITY DISTRIBUTION PATTERNS AND THE PHYSICAL-CHEMICAL 
ENVIRONMENT 

Weighted multiple discriminant analysis (Smith 1976 and 1978) was employed 
to determine which abiotic features were associated with community distribution 
patterns. Many physical-chemical features varied between survey periods, but the 
dominant features persisted through the year (Figure 5A-13a-d). These included: 
1) the importance of depth in community distribution; 2) the importance of fine 
silt and clay sediments to communities at the 9 and 15 m isobath stations; 3) 
the association of a bimodal (coarse and very fine) sediment distribution at 
Stations D3 and E3 during certain surveys; 4) the association of fine sands with 
stations on the 6 im isobath; and 5) the correlation of sediment temperature, 
sediment flux, and water clarity to species distribution patterns.  

Depth was the dominant environmental factor associated with community 
distribution patterns. As mentioned previously, this feature was the only 
one remaining unchanged between surveys and during Units 2 and 3 construc
tion activities and Unit 1 operation. Depth exerts its influence on community 
composition and abundance both directly and indirectly. As a habitat variable, 
depth translates into a pressure factor to which organisms must be adapted (Hoar 
1966). Depth indirectly influences many other niche dimensions in the benthic 
environment. In open coastal areas, there is an inverse relationship between 
water movement and depth (Shepard 1963). Substrate stability also follows this 
pattern, as does the increase in species numbers, an observation documented by 
several authors (Gage and Geekie 1973, Rhoads and Young 1970, Lie and Kisker 
1970). Deeper, less turbulent waters provide a more stable and predictable 
environment, particularly on sedimentary bottoms. Thus, deep water (e.g. 9 and 
15 m isobaths) favors K selected species (Pianka 1974) and permits a higher 
equilibrium species density. In contrast with offshore stations, the habitat 
represented by the 6 m stations favors r selected or opportunistic species.  
These species, although few in number allocate a large amount of energy into 
many small (energetically inexpensive) offspring resulting in high settlement as 
observed at the 6 m stations.  

The effects of sediment grain size are of fundamental importance in explain
ing observed community differences, since both food and habitat resources 
are provided by the sediments. The turbulence continuum related to depth 
(described above) provides the sedimentation environment which controls sediment 
grain size characteristics in the subtidal areas. Deeper stations (9 and 15 m) 
and their associated communities were characterized by finer sediments (i.e.  
coarse silt, fine silt, coarse, medium, and fine clays). These finer sediments 
were deposited because of reduced water movement in deeper water. Communities in 
deeper water had more deposit feeding species than those in shallow water (Table 
5A-8 and Figure 5A-15). Nichols (1970) and Sanders (1968) describe similar 
benthic assemblages in habitats dominated by clay and silt-clay sediments.
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Stations E3 and D3 supported faunal assemblages resembling the 9 m stations 
during February, May and November (Discussed in the preceeding section: Patterns 
in Infaunal Community Distribution). Discriminant analyses revealed that all 15 m 
stations were dominated by silt and clay-sized sediments. However, Stations E3 
and D3 additionally contained high proportions of very coarse, coarse, and medium 
sands accounting in part for observed faunal differences in response to this 
feature (see Chapter 2D, Sedimentology). This coarse material apparently origin
ated from the underlying relict San Mateo formation and was exposed by surge or 
current scouring. Similar results were observed at Stations C3, D3, and E3 in 
1978 (SCE 1979). Since natural longshore current patterns were apparently dis
rupted by the construction activities, replenishment of scoured sediments at 
these stations may have been impeded, thus resulting in the exposure of relict 
sediments.  

The sand component characterized the inshore (6 m) sediment regime. Rela
tively greater water movement at this depth apparently removed the finer silts 
and clays, leaving behind a well-sorted sediment regime of fine and very fine 
sand. Reduced silt and clay components probably accounted for reduced numbers of 
deposit feeders found within the 6 m isobath (Nichols, 1970) rather than the 
presence of sand. The association between high energy inshore sand regimes and 
certain biological communities has been noted by several authors (Sanders 1958, 
Lie and Kisker 1970, Gage and Geekie 1973). However, the filter-feeder dominated 
community described by Sanders (1958) was not found at SONGS. Filter feeder 
diversity increased with depth as did the diversity of deposit feeders (Table 
5A-8 and Figure 5A-15). Moreover, the diversity of filter feeders was always less 
than that of deposit feeders, particularly at the inshore stations.  

Sedimentation flux (monthly sedimentation rate) was an important variable 
associated with community differences during the May, August, and November 
surveys. The highest sedimentation occurred at the 6 m stations. The origin of 
this sediment was: 1) sediment transported from the sea bed and nearby rivers by 
waves, surge, and currents; and 2) suspended sediments released by dredging 
activities (Figure 2D-1). It is probable that stations downcoast of the dredge
line received larger quantities of dredge-originated sediments than upcoast 
stations since: 1) the predominant longshore movement is downcoast; and 2) there 
exist structural impediments to upcoast transport, particularly inshore near the 
laydown pad and trestles. Reference to Figure 2D-1 and Table 2D-1, indicates that 
large quantities of dredged material were suspended, used for backfill, and 
released during the periods prior to each survey. The total displaced material 
exceeded 318,000 m2 , and approximately two-thirds of this material was redis
tributed in waters of less than 9 m depth. This quantity of material probably 
contributed substantially to inshore sedimentation. Increased sedimentation may 
affect the community by favoring r selected opportunists as discussed previously.  
Mobile forms and species with respiratory and feeding structures that are not 
easily fouled would also be favored.  

Water clarity was also associated with community distribution patterns.  
Although water clarity, as measured by Secchi disc, generally agrees with the 
turbidity measurements (Chapter 2C, Water Quality), these data should be viewed 
with caution, since the observations were limited to single measurements quar
terly. Furthermore, the Secchi disc readings measured water above the substrate 
and not at the sediment water interface. Community diversity was highest at 
stations with the highest water clarity. The mechanism(s) by which water clarity 
affects community distribution and diversity is not known. However, turbidity may 
affect larval settlement and recruitment (Crisp 1955) with increasing distance 
offshore and depth water clarity increased. This pattern as with sedimentation, 
was influenced by natural as well as construction-related inputs. Water clarity
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was depressed near the area of highest dredge discharge; however, (SCE 1979, 
Chapter 2B, Turbidity), this area corresponded to different isobaths during each 
survey (Figure 2D-1).  

Other factors such as organic carbon content and sediment temperature, 
were important environmental factors in the May and August surveys, respectively.  
Sediment temperature was highest at the 6 m isobath stations and lowest at the 
15 m isobath stations. This pattern is consistent with other coastal marine 
environments where colder water occurs at greater depths. No other distinct 
patterns of temperature and community distribution were recorded. The temperature 
measurements used in these analyses werelimited, yet they agree with the general 
trends presented in Chapter 2A, Temperature.  

Organic carbon content of the sediment during the May survey period was 
highest at deep stations and was associated with differences in infaunal com
munity structure. Higher levels of organic carbon offshore corresponded to the 
period of highest infaunal density (Figure 5A-5). The organic carbon levels may 
have contributed to this increased density by providing additional food for 
deposit feeding species. The origin of these organics is unknown, however, both 
natural sources and discharge from Unit 1 probably contributed to the input.  

In general, community composition and distributional patterns were influ
enced by depth, sediment composition, water clarity, sedimentation, sediment 
temperature and the organic carbon content of the sediments. Depth was the 
only factor which was not influenced by SONGS construction and operation. The 
remaining environmental variables, however, were affected by SONGS Units 1, 2, 
and 3. The community analysis indicated that the distributional patterns of 
characteristic benthic species were not significantly altered by SONGS construc
tion and operation activities. However, community parameters such as diversity, 
number of individuals, and biomass, were modified at stations immediately adja
cent (within 236 m) upcoast and downcoast of the SONGS Units 2 and 3 construction 
compared with reference stations. The effects presumably were caused by the 
impediment of longshore sediment transport patterns. Effects of construction 
activities on the benthic infauna are not expected to persist after construction
related trestles and other structural impediments are removed.  

SUMMARY 

The benthic infaunal community in the vicinity of SONGS was investigated 
as part of the monitoring program related to construction of Units 2 and 3.  
The parameters examined were species diversity, abundance, biomass, trophic 
structure, distribution characteristics, and relationships to various habitat 
variables. The analyses revealed: 

1. Stations upcoast and immediately adjacent to the construction activities 
for Units 2 and 3 and operational Unit 1 supported elevated numbers of 
species, individuals, and biomass compared to reference areas. These 
patterns appear related to SONGS operation and construction.  

2. Stations downcoast and immediately adjacent to the construction areas 
of Units 2 and 3 discharge and intake structures supported fewer num
bers of species, individuals, and lower biomass than reference areas.  
These patterns appear related to construction activities, particularly 
structural impediments to longshore transport.  

3. Increased species numbers proceeding offshore from the 6 m to the 
15 m isobath stations. This pattern was consistent with natural distri
butions observed by other authors.
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4. Numerical dominance of the benthic infaunal community by deposit feeding 
species.  

5. Patterns of enhanced and depressed species numbers in trophic categories 
of: deposit feeders, filter feeders, carnivores, and omnivores which 
generally parallelled those patterns described for species numbers (1 
and 2 above).  

6. A general increase in the number of species at all trophic levels 
through the survey year, reaching their highest levels in August. This 
is part of a multi-year cycle.  

7. Community composition changes at the 15 m isobath stations corresponding 
to sediment substrate modifications.  

8. Community distribution patterns characterized by: 

a. Groups of stations whose communities displayed distinct onshore
offshore patterns corresponding to a depth gradient.  

b. Groups of species whose distribution and highest abundances charac
terized specific isobaths.  

c. Species which were ubiquitous to all areas sampled.  

9. An association between depth, sediment composition, water clarity, 
sedimentation, organic carbon content of sediment, and species distri
bution patterns. The important factors associated with community 
distribution patterns were influenced by both natural and construction 
related activities. It was not possible to separate their relative 
input.  
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CHAPTER 5B 

SUBTIDAL COBBLE 

INTRODUCTION 

The hard benthos habitat offshore the San Onofre Nuclear Generating Station 
(SONGS) is currently under investigation to address three objectives: (1) to 
provide baseline data for future use in determining the nature, extent, and 
significance of the operational effect(s) of Units 2 and 3 on the species 
composition, distribution, and abundance of macroorganisms associated with cobble 
habitats; (2) to assess the environmental effects of sediment dispersal on the 
near-field cobble habitats within the San Onofre Kelp Bed during construction and 
dredging operations for the Units 2 and 3 intake and diffuser-discharge conduit 
systems; and (3) to determine the operational effect(s) of Unit 1 on near-field 
benthic marine resources. This study meets the regulatory requirements for the 
Environmental Technical Specifications (ETS) program, the Construction Monitoring 
Program (CMP), and the Preoperational Monitoring Program (PMP).  

The purpose of this chapter is to present analyses and interpret the 1979 
hard benthos data with respect to each of the study elements and objectives. The 
1979 biological data used in this analysis report were presented in the Annual 
Operating Report, San Onofre Nuclear Generating Station, Volumes II (SCE 1980b) 
and III (SCE 1980c). The 1979 physical oceanographic data utilized in this 
report were presented in Volume I (SCE 1980a). The tabular data in these reports 
included all the qualitative and quantitative biological and physical oceano
graphic data collected at benthic sampling stations during 1979. Additional data 
collected for each study element during previous years was used to identify 
general temporal patterns or trends.  

APPROACH 

The hard benthos program consists of several elements (ETS, CMP, PMP) that 
were originated at different times for separate regulatory requirements and 
objectives. Consequently, there are differences in design and methodology among 
the three study elements. In order to address the objectives of this study, data 
from all elements are considered.  

Data analyses for this report were oriented to identify the dominant benthic 
organisms associated with the inshore cobble, offshore cobble, and offshore kelp 
habitats in the vicinity of San Onofre. The abundances and distributions of 
these organisms are interpreted with respect to the functional adaptations and 
roles they exhibit in response to their habitats. The hypothesis that community 
structure is strongly influenced by the physical instability of the substrata in 
the area immediately offshore of SONGS is examined by comparison of community 
structure and abundance patterns of dominant organisms from areas of demonstrated 
greater stability.  

The following definitions are presented with respect to the benthic program.  
Benthic marine resources are defined as all subtidal macroorganisms occupying 
hard substrata to a depth of approximately 14-m. A list of local subtidal 
macroorganisms and their relative importance with respect to the San Onofre area
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was presented and discussed in the Final Environmental Statement for SONGS 2 and 
3 (AEC 1973). The near-field vicinity of the Unit 1 discharge is defined as a 
rectangular area centered on the Unit 1 discharge, and extending approximately 1 
km upcoast and downcoast, and 0.5 km inshore and offshore of the discharge. This 
rectangle includes ETS Benthic Stations 1, 2, 3, and 4 (Figure 5B-1). The near
field vicinity of the Units 2 and 3 discharges is defined by a rectangle whose 
boundaries extend 1 km upcoast and downcoast of a point located between the ter
minus of the Unit 3 diffuser and the beginning of the Unit 2 diffuser, and 
inshore to the beginning of the Unit 3 diffuser and offshore 0.5 km from the ter
minus of the Unit 2 diffuser (Figure 58-1). The upcoast-downcoast boundaries 
were determined by the predicted areal extent of the thermal plume (Koh et al.  
1974) and potential turbidity effects. During the summer of 1978 the area accep
table for station locations within the onshore and offshore boundaries was 
limited by the availability of hard substrata (IRC 1977, 1978), by the extent of 
the predicted thermal plume (Koh et al. 1974), and by the construction activities 
associated with dredging and conduit installation for Unit 2 an 3.  

Collectively, all sampling stations have been assigned to one of three 
groups. These groups include stations located on the nearshore isobath 
10-12 m), stations on the offshore isobath (12-14 m) within areas of previously 
or presently existing giant kelp canopies, and stations on the offshore isobath 
without kelp canopies.  

The collection and documentation of physical oceanographic data is an essen
tial component of any complete benthic sampling program because physical and 
biological factors are interrelated and operate together to define the structure 
of the benthic community. To acquire synoptic physical data, a Benthic Sensing 
Package (BSP) was designed and installed during August 1979 to collect continuous 
data on sediment and organic detrital accumulation or movement, ambient bottom 
water temperature, and photosynthetically active radiation reaching the benthos 
near each pair of stations located on the offshore isobath.  

BACKGROUND 

In order to place the present hard benthos program and objectives into 
perspective with regard to previous benthic studies at San Onofre, a brief des
cription of the subtidal environment offshore SONGS is presented below, as well 
as a review summarizing past benthic studies at SONGS.  

The area offshore San Onofre has been characterized as a region of moderate 
to heavy wave action, usually accompanied by naturally turbid offshore water con
ditions (Chapter 2D, Given 1973). The region in the vicinity of SONGS is quite 
varied with respect to substratum composition. The natural processes of accre
tion and erosion of hard substrata by sand or silt can limit and define asso
ciated biological populations (Connell 1972, Given 1973, Valentine 1973). The 
greatest proportion of hard substrata offshore of SONGS is unconsolidated cobble 
and boulder with isolated areas of exposed bedrock and sandstone. The nearshore 
benthic environment within the SONGS study area (from 5 km upcoast to 10 km 
downcoast) consists of a heterogeneous mixture of boulder, cobble, and sand 
substrata. The proportions of boulder, cobble, and sand vary depending upon the 
area considered (IRC 1978). The San Mateo Point region 5 km upcoast of SONGS 
consists of relatively stable cobble and boulder substratum from the 18-m isobath 
to the shoreline (Figure 1-3, LCMR 1978c). In contrast, the Don Light area 8 km 
downcoast from SONGS is largely sand with isolated patches of cobble occurring at 
the 10 to 12-m isobath (IRC 1978; Figure 1-5, LCMR 1978c). The area directly 
offshore of SONGS is a mixture of all three substrata components (IRC 1978; MBC 
1978; Figure 5B-1).
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Benthic biological studies of the marine environment at San Onofre began in 
1963 and consisted of periodic monitoring programs. Early investigations were 
basically qualitative. As improved methods evolved, benthic studies at San 
Onofre became quantitatively oriented. An independent evaluation of the methodo
logy and results of the benthic biological data from 1964 through 1971 was pre
sented by Given (1973) and Scanland (1973). These reports concluded that the 
artificial substratum and relief associated with the discharge structure 
increased the numbers and types of species comprising the biological community in 
the immediate vicinity of the discharge. No long-term detrimental effects attri
butable to the operation of Unit 1 were identified. However, it was noted in an 
early study (Given 1973) that two cobble stations, one adjacent to the discharge 
and one located approximately 610 m downcoast of the discharge, were buried by 
sand and covered with a fine layer of silt after the generating station began 
operation. Further, it was suggested that turbidity in the immediate proximity 
of the discharge reduced available light levels and inhibited algal growth (Given 
1973).  

In a more recent study, Osman (1978) reported a relative increase in benthic 
invertebrate larval settlement on artificial hard substrata within 50 m of the 
Unit 1 discharge. This increased larval settlement on hard substrata was attri
buted to alteration of natural current conditions near the discharge (within 
50 m) resulting from the hydrodynamic entrainment of surrounding water. This 
entrainment exposed the near-field hard substrata to greater densities and sub
sequently greater settlement of merozooplankton than would normally be expected 
under natural conditions (Osman 1978).  

Semiquantitative data were collected from 1963 until March 1975 when the 
existing Environmental Technical Specifications program was initiated. Implemen
tation of the ETS benthic program included the permanent marking and delineation 
of station transects and quadrats, the incorporation of a sampling area deli
neated into distinct zones and kelp beds, taxonomic standardization, consistency 
in methods of recording enumerated and percent cover taxa, and quantitative data 
collection. The CMP and PMP sampling programs evolved from the ETS study design.  
These programs include giant kelp mapping using an electronic positioning and 
side scan sonar system and studies of kelp plant condition (general appearance, 
nitrogen content). The PMP study utilized previous ETS analyses, field 
reconnaissance, and sampling experiments to develop a paired station experimental 
design which employs a quantitative point contact sampling technique.  

The ETS benthic sampling element was not designed to identify expected bio
logical effects immediately adjacent to the Unit 1 discharge (very near-field 
effects), but emphasizes monitoring a larger area near Unit 1 for potential long
range spatial and/or temporal effects on organisms in these subtidal cobble
boulder habitats (Figure 58-1). Therefore, no ETS stations occur closer than 
500 m from the Unit 1 discharge, no CMP stations occur within 900 m of the Units 
2 and 3 discharges, and no PMP stations occur within 300 m of the Units 2 and 3 
discharges. The results, analyses, and interpretation of yearly benthic survey 
data from 1975 to 1978 (LCMR 1976b, 1977b, 1978c, SCE 1979d) have not identified 
or suggested any long-term spatial or temporal biological effects associated with 
the operation of SONGS Unit 1. Similarly, the CMP data collected during nine 
quaterly surveys conducted from December 1976 to December 1978 (MBC 1978, SCE 
1979d) did not identify any biological effects on the San Onofre kelp bed macro
biota that could be associated with diffuser-discharge conduit construction for 
SONGS Units 2 and 3.
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METHODS 

QUARTERLY DATA COLLECTION 

A total of 23 subtidal stations are sampled quaterly by the ETS, CMP, and PMP 
benthic elements. A map detailing the position of all stations with respect to 
SONGS 1, 2 and 3 is presented in Figure 5B-2.  

The ETS sampling design includes eight cobble stations located on the 
nearshore (10-m) isobath and three kelp beds on the offshore (14-m) isobath.  
These eleven permanent benthic stations, marked with surface buoys, were origi
nally established in areas of comparable substrata in February 1975 (LCMR 1975g).  
Four of the eight nearshore stations were established in Zone OA near the dis
charge and four were established downcoast in the Zone 6 reference area. The 

original placement of the inshore cobble stations was based on three considera
tions: (1) the location and availability of cobble substratum, (2) avoidance of 
the complicating factors associated with sampling the Unit 1 discharge riser and 
surrounding artificial substratum (rip-rap), and (3) avoidance of the SONGS Units 
2 and 3 construction activities immediately downcoast of Unit 1. The four sta
tions located approximately 9 km downcoast on the nearshore isobath were 
restricted to available areas of cobble and sandstone shelf. Each kelp bed sta
tion was originally established on substratum representative of the general area 
within the kelp bed. For identification purposes, the ETS inshore benthic sta
tions are numbered consecutively from upcoast to downcoast. Stations 1 through 4 
are located in Zone OA, near the Unit 1 discharge, and Stations 5 through 8 are 
located in the far-field reference area, Zone 6 (Figure 5B-2). Similarly, the 
ETS offshore kelp stations are numbered 9, 10, and 11 and are located in the San 
Mateo, San Onofre, and Barn Kelp beds, respectively. The CMP benthic study added 
two stations within the San Onofre Kelp bed in 1977 (MBC 1978), which are located 
a short distance upcoast and downcoast of Station 10 (Figure 5B-2). For this 
report the two CMP stations are referred to as Stations 22 and 23 (previously 
labeled SOK-U and SOK-D, respectively; MBC 1978).  

Organisms for all benthic elements presented in this chapter are defined as 
those organisms living on the exposed portions of the hard substrata. Organisms 
are identified in the field and are surveyed quarterly at each station using non
destructive sampling techniques. Each permanent benthic station for the ETS and 
CMP studies consists of a band transect 10 m long and 1 m wide, divided into ten, 
1-m2 quadrats. Conditions permitting (i.e., adequate visibility), marine biolo
gists identify and enumerate solitary macroorganisms and make visual estimates of 
percent areal coverage of colonial and encrusting macroorganisms in each of the 
ten quadrats at each station. In order to maintain consistency in data recording 
among biologists, the type of data (i.e., enumeration or percent cover) to be 
reported for each organism is standardized and indicated on preprinted plastic 
data sheets. Conspicuous organisms which cannot be field identified are 
collected outside the sampling area and returned to the laboratory for positive 
identification. Other organisms that are less common or that cannot be specifi
cally identified in the field are classified into higher taxonomic groups, such 
as unidentified hydroids or ectoprocts. Descriptive as well as functional 
growth-forms are also employed to identify taxa groups. For example, unidenti
fied ectoprocts may be encrusting or erect. Another growth-form classification 
is the algal group of Parvosilvosa. This growth-form group includes all minute 
algae growing in dense patches of turf on hard substrata (Neushul and Dahl 1967).  
The substratum characteristics and relief of each quadrat are described.  
Measurements of surface and bottom water temperatures, and observations of visi
bility and surge conditions are recorded. Additionally, the following infor
mation is collected on kelp (Macrocystis) sporophytes within the band transects 
at the kelp stations: (1) numiberof stipes on each individual kelp plant, 2 m
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above the bottom, (2) general condition of the kelp plants (e.g., tattered 
fronds), and (3) kelp growth (e.g., small new fronds with no fouling).  

Quarterly ETS surveys were conducted during 1979 on 7-10 February, 12-24 
April, 31 July -16 August, and 18 October - 1 November. ETS Stations 3, 4, and 7 
were completely covered with sand during the first quarter survey period and no 
biological data were collected at these stations. All ETS stations were sampled 
during each remaining quarterly survey period. The two CMP stations located in 
San Onofre Kelp were sampled during 1979 on 14-15 February, 23 May, 10-12 August, 
and 1 November.  

The PMP benthic element is designed to collect baseline data on cobble com
munity biota located on the 14-m isobath offshore of the ETS kelp stations. The 
sampling design includes ten stations arranged in pairs allocated among two ref
erence areas and the area near the Units 2 and 3 diffuser-discharge lines. The 
PMP sampling design evolved from the Unit 1 ETS program with data collection 
techniques developed from terrestrial studies. A brief narrative on the selec
tion of station locations and sampling techniques is presented below.  

Subtidal benthic reconnaissance surveys and sampling investigations were con
ducted on cobble substratum from January to July 1978 to locate suitable station 
areas and collect preliminary data on sampling techniques. Reconnaissance dives 
were made on all cobble-boulder areas identified from side-scan sonar records 
(IRC 1977) between San Mateo Point and Barn Kelp bed along the 13 and 15-m 
isobaths. Observations made during these dives identified areas that were simi
lar with respect to cobble-boulder substrata, relief, and biological communities.  
As a result of these dives and analysis of preliminary data, a program was 
designed to collect baseline data to characterize the biota of offshore cobble 
habitats in the vicinity of the Units 2 and 3 diffuser-discharges. The sampling 
design includes a total of five station-pairs (10 stations) distributed within 
and outside of the possible region of impact (Figures 5B-i and 2). This design 
is oriented at evaluating natural or artifically induced changes associated with 
the cobble benthic community prior to and after operation of Units 2 and 3.  
Station-pair 12-13 is located in the upcoast reference area. Station-pairs 14-15 
and 16-17 are located upcoast and downcoast of the diffuser-discharges, 
respectively, and within the potential area of influence of the Units 2 and 3 
diffuser-discharges (Figure 58-1). Station-pair 18-19 is located downcoast of 
Station-pair 16-17 within San Onofre Kelp. Station-pair 20-21 is located 
approximately 9 km downcoast in the Don Light reference area (Figure 58-2).  

Each permanent PMP benthic station is a rectangle measuring 2 m x 3 m.  
Station-pairs are permanently marked with a surface buoy attached to a 907-kg 
anchor block. Each 6.0-m 2 station is sampled by a point contact technique simi
lar to methods utilized in terrestrial vegetation studies (Goodall 1952, Wink
worth 1955, Greig-Smith 1957). Advantages of the point contact method for use in 
marine ecological studies have been reviewed by Carter et al. (1979) and include: 
(1) the objectivity of the technique (i.e., no percent areal coverage estimation 
is required by the biologist); (2) estimation of the relative abundance of all 
taxa or substrata encountered for direct comparison by summing the number of 
contacts; (3) the ability to derive a quantitative, objectively collected, esti
mate of the ecological layering of each organism level (Dayton 1975, Foster 
1975a); and (4) the derivation of a statistical confidence interval which may be 
applied to the estimated abundance of each taxon or substratum type encountered.  

Benthic organisms at each offshore station are sampled by two methods to 
collect data on temporal abundance patterns and spatial dispersion. To collect 
these data, diving biologists utilize two reference (stationary) lines and one 
movable sampling line to sample each 6.0-m 2 station with 300 evenly distributed 
points (Figure 58-3). Data collected at each point include the identification of
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Figure 5B-3. An illustration of multiple layering sampled at a single point (a) with examples of divers sampling evenly 
distributed points on a line (b) and within a quadrat (c) (after Carter et al., 1979).  

substratum type and macroorganisms present. Up to three organism levels, indicating layering in the community, are recorded. Organism Levels 1, 2, and 3 
refer to organisms attached to the substratum (OL1), occurring over other organisms (0L2), and forming a canopy over the sampling area (0L3), respectively.  
Additionally, four 0.125-M 2 square quadrats are randomly located within the 
6.0-m 2 station area and are sampled with 60 evenly distributed points to examine 
small, cryptic, clumpedI or patchil distributed organisms. Data for both 
sampling elements (6.0-m and 0.125-m ) are recorded by individual biologists on 
task-specific data sheets. Designated solitary or motile organisms not sampled by the point contact technique but observed to be conspicuous within the sampling 
area are enumerated. Conspicuous organisms that cannot be field identified are 
collected outside the sampling area and returned to the laboratory for identifi
cation. Surface and bottom water temperature, visibility, and surge conditions 
are recorded.  

To effectively document the changing composition of substrata near the stations, a wide area reconnaissance is conducted at each station-pair. This 
task includes sampling four 30-m transects extending upcoast (3000), downcoast (1200), inshore (0300), and offshore (2100) from each station-pair. Each 30-m 
transect line is divided into 100 equal sections denoted by numbered placards.  After the transect line has been positioned by the diver, the substratum under 
each placard is identified as boulder, cobble, or sand. For the PMP benthic 
study the following functional definitions of substratum are employed for boulder 
and cobble. Boulder is defined as hard substratum which is immovable by natural 
current conditions and/or which measures 26 cm or greater in greatest linear 
dimension. Cobble is defined as hard substratum whose greatest linear dimension



5B-9 

ranges between 1 and 26 cm and/or can be moved by natural bottom currents. By 
incorporating a component of mobility into the substratum definition, a cobble 
which is permanently attached or wedged into a crevice would be identified as a 
boulder, because biologically the cobble would be a permanent substratum, similar 
to a large size boulder.  

The sampling frequency of the PMP benthic element is also quarterly. Surveys 
were conducted during 6-13 February, 19-24 April, 17 July - 5 August, and 18-25 
October. The steel reinforcing bar marking Station 14 was destroyed during 
February 1979. This occurred when an anchor system securing the position of the 
dredging barge used for installation of the Units 2 and 3 diffuser-discharge 
system was dragged over the sampling area. Station 14 was re-established within 
4 m of the original location and sampled that same month.  

CONTINUOUS PHYSICAL DATA COLLECTION 

Benthic Sensing Packages (BSP) 

Field. One Benthic Sensing Package (BSP) is located at each of the five 
offshore cobble station-pairs (PMP station-pairs, Figures 5B-2, 4). BSP instru
mentation consists of a sediment trap array, an Endeco Type 109 recording 
thermograph, and a LiCor Li-192S Underwater Quantum Sensor whose output is pro
cessed and recorded by a Campbell CR-21 Micrologger and magnetic tape recorder 
(Figure 5B-4).  

Each sediment trap (Figure 5B-4) consists of a 2.5-cm inside diameter poly
vinyl chloride tube, 27.3 cm long, terminating in a 1-liter Nalgene plastic 
bottle filled with dense modified Lugol's solution to fix organic detrital 
material and discourage organisms from entering the collection bottles. The trap 
is capable of collecting and retaining sediment over a one month period, where 
total sedimentation rates approach 7 cm /cm2/day. The 10 to 1 ratio of length to 
diameter of the sediment trap collection tube allows acceptable sediment reten
tion (Hargrave and Burns 1979). Each sediment trap array consists of three tube 
systems which take three replicate samples from points in the water column 
varying from 0.6 m to 1.0 m above the substratum. Mean sedimentation rate is 
calculated from the dry weight and cross sectional area of the collection tube.  

The Endeco type 109 recording thermograph collects data by photographing a 
calibrated thermometer traceable to the National Bureau of Standards. Tempera
ture readings are taken at hourly intervals, with resolution > + 0.1oC and 
accuracy to + 0.3oC. Temperature readings are also recorded by the TR-21 micro
logger and fape recorder combination from an an internally mounted temperature 
sensor. Resolution is also > + 0.10C and accuracy is to + 0.10 C.  

The Li-Cor Li-192S Underwater Quantum Sensor is sensitive to photosyntheti
cally active radiation in the 400 to 700-nm band width. The Li-192S sensor has 
a reported accuracy of + 5% and resolution of + 1.81 microeinsteins PE/m 2/s. The 
system's microprocessor records station identffication, date, time, temperature, 
and light data onto a magnetic tape cassette recorder with about a six week data 
storage capacity. Light data taken every minute are averaged, recorded, and 
stored as hourly data points in PE from one hour after sunrise to one hour before 
sunset.  

All instrumentation is securely attached to a protective frame constructed of 
stainless steel. The frame is 50-cm high and anchored in a 112 x 112 x 30.5-cm 
concrete block with an underwater weight of about 500 kg (Figure 5B-4). The BSP 
system at Station-pair 12-13 is located under a Macrocystis canopy on cobble
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Figure 5B-4. Diagram of Preoperational Monitoring Program benthic station pair and Benthic Sensing Package instrument 
array (a - sedimentation chambers; b - Endeco thermograph; c - Li-Cor underwater quatum sensor).
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substrata with little sand present. The BSP array at Station-pair 14-15 is 
located on cobble substrata slightly outside a scattered Macrocystis kelp canopy.  
The BSP system at Station-pair 16-17 is located on coarse sand and cobble 
substrata with Laminaria spp. and Pterygophora california representing the domi
nant kelp plants in the area. Te array at Station-pair 18-19 is located on 
cobble substrata under a scattered Macrocystis canopy. The BSP array at Station
pair 20-21 is located on an extensive area of fine sand. Scattered cobble and 
coarse sand are nearby at the offshore cobble benthic Station-pair 20-21.  

Each benthic sensing package is inspected and cleaned by divers on a biweeky 
basis. Light, sediment, and temperature data are retrieved on approximately a 
30-day sampling interval.  

Laboratory. Laboratory processing of temperature and light data are 
described in Chapter 2. Sediment analysis is described below.  

After the sediment samples are returned from the field, they are poured into 
graduated cylinders through a 1-mm mesh screen to remove small invertebrates and 
large detrital material. Volume is measured to the nearest milliliter and 
recorded after settling for a 24-h period. Samples are then suction-filtered 
through glass fiber filter paper which has been heated at 4500 for 4 h, cooled 
overnight in a dessicator, and weighed to the nearest thousandth of a gram. The 
sediment is dried at 800C for 48 h, cooled in a dessicator overnight, and weighed 
to the nearest thousandth of a gram. Subtraction of the filter paper weight 
gives the actual weight of the sediment in grams.  

Samples are then prepared for organic carbon (OC) analysis by grinding with a 
mortar and pestle to obtain sediment particles of a small uniform size. Three 
aliquots of each sample of the prepared sediment are then analyzed for OC. Each 
aliquot is placed in a glass ampule, treated with acid to remove inorganic 
carbon, and burned to liberate all carbon dioxide from the organic fraction of 
the sediments. The amount of carbon dioxide evolved is quantified with a non
dispersive infra-red analyzer. The amount of OC is recorded as a fraction or 
percent by weight of the sediment aliquot analyzed.  

DATA ANALYSIS 

Data collected during the 1979 sampling period were analyzed using non
parametric and parametric techniques. Generally, abundance estimates of organ
isms or individuals of organisms were compared spatially using analysis of 
variance (ANOVA) or a nonparametric counterpart (Sokal and Rholf 1969, Conover 
1971). Associations between organisms were compared using Pearson's product
moment (r) and Spearman's rho (p) parametric and nonparametric correlation 
coefficients, respectively.  

Community relationships among the offshore cobble stations were examined 
using normal and inverse classification analysis (Clifford and Stephenson 1975).  
Data were first classified according to organism composition and abundance.  
Second, species were classified according to their abundance and distribution 
recorded at each station from August 1978 to October 1979. Flexible sorting and 
square root transformations were used to generate dendrograms from a Bray-Curtis 
dissimilarity matrix and reduce the effect of excessively dominant organisms, 
respectively (Boesch 1977). Station and species dendrogram classifications 
results are combined with a two-way table showing station and species groups or 
clusters.
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RESULTS 

The results of the 1979 hard substrata benthos program presented below are 
grouped into four categories based on sampling techniques and types of data 
collected. These categories include oceanographic and meteorological observa
tions, qualitative field observations, analysis of the inshore cobble and sand 
and offshore kelp stations, and analysis of data collected at the offshore cobble 
habitats. An overall review of all the information collected indicated that the 
best understanding of the physical and biological environment in the study area 
is obtained by presenting the results in this manner rather than by study element 
(i.e, ETS, CMP, PMP).  

OCEANOGRAPHIC AND METEOROLOGICAL OBSERVATIONS 

Oceanographic data consisting of bottom temperatures, bottom transmissivity 
measurements, and water column Secchi disc extinction depths were collected on a 
bimonthly basis at oceanographic stations near benthic stations in the SONGS area 
(SCE 1980a, p 3-1 to 4-1). Bottom temperatures were generally highest during the 
months of July and September and lowest during March. Temperatures varied little 
between stations on the 10-m isobath within sampling periods, with the exception 
of notable differences in temperatures recorded at oceanographic stations 610 m 
upcoast (14.4oC) and 6,710 m downcoast (18.2 0 C) of the SONGS 1 discharge during 
the July 1979 sampling period.  

Bottom transmissivity ranged from 0 to 5% transmittance at most stations 
throughout the year-long sampling period. Two stations on the 10-m isobath exhi
bited substantially greater percent transmittance levels; 24% was recorded 610 m 
upcoast and 21% transmittance was recorded 6,710 m downcoast of the SONGS 1 
discharge during the November survey. Secchi disc readings on the 10-m isobath 
appeared to be greater at stations downcoast of SONGS (6,710 - 7,320 m) than at 
those near SONGS (610 m upcoast). The greatest overall vertical water clarity 
was observed during November 1979.  

Results of continuous light measurements recorded during the period from 27 
August to 31 December 1979 appear in Table 5B-1. During this period mean light 

Table 5B-1. Mean diurnal light* (pE/m 2 /sec) recorded during 1979 at Benthic Sensing Packages located near offshore 
benthic station-pairs.  

Station-pairs 

Survey Period 12-13 14-15 16-17 18-19 20-21 

27 Aug - 11 Sep ** 43.2 ** ** 61.7 
11 Sep - 25 Sep 17.6 13.3 ** 18.1 12.7 
25 Sep - 9 Oct 21.5 39.4 ** 38.8 5.1 
9 Oct - 23 Oct ** 26.2 ** 30.6 16.6 

23 Oct - 6 Nov ** ** 41.6 39.5 ** 
6 Nov - 20 Nov 13.8 ** 42.6 25.2 43.4 

20 Nov - 4 Dec 12.3 ** 48.7 ** 41.6 
4 Dec - 18 Dec 10.5 52.4 51.5 ** 31.8 

18 Dec - 31 Dec 6.5 ** 27.8 18.4 ** 

* Light was recorded from one hour after sunrise to one hour before sunset each 
day.  

** No usable data collected.
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values were greatest at Station-pairs 14-15 and 16-17, averaging 38.7 PE/m 2/s.  
Similar intermediate means were recorded at Station-pairs 18-19 and 20-21 which 
averaged 29.5 iE/m 2/s. Minimum mean light was recorded at Station-pair 12-13 
(13.7 tiE/m2/s).  

Station-pair 12-13 exhibited low sedimentation rates and high organic carbon 
values compared to other offshore cobble stations throughout the 1979 sampling 
period (Table 5B-2). In contrast, Station-pair 20-21 exhibited consistently high 
sedimentation rates and low organic carbon values. Intermediate sedimentation 
rates and organic carbon levels were recorded at Station-pairs 14-15, 16-17, and 
18-19.  
Table 5B-2. Mean sediment collection rate (S) in g/cm2/day and mean percent organic carbon levels (C) in sediment 

collected during 1979 at Benthic Sensing Packages (BSP's) located near offshore benthic station-pairs.  

Station-pairs 

Survey Period 12-13 14-15 16-17 18-19 20-21 

8 Aug - 25 Sep S 0.031 0.078 0.120 0.077 0.112 
C 1.370 0.840 0.960 0.980 0.530 

25 Sep - 25 Oct S 0.029 0.040 0.104 0.048 0.082 
C * * * * * 

25 Oct - 20 Nov S 0.033 0.066 0.106 0.060 0.105 
C 1.380 0.830 0.810 0.870 0.400 

20 Nov - 18 Dec S 0.023 0.034 0.044 0.025 0.046 
C 1.020 0.750 0.560 1.090 0.360 

* Samples were destroyed due to an equipment malfunction.  

Precipitation measured in the southern California area during 1979 did not 
approach levels recorded in 1978. The Oceanside Harbor area, 21 km downcoast of 
SONGS, received a total of 24 cm of rain during the first three months of 1979 
(U.S. National Weather Service, San Diego, CA) while 53 cm were recorded during 
the first three months of 1978 (SCE 1979d).  

QUALITATIVE FIELD OBSERVATIONS 

Physical disturbance (movement of cobble and small boulders) was evident at 
offshore cobble Stations 12 and 13 during the July and October 1979 surveys.  
This disturbance may have occurred during periods of severe surge generated by 
the large swells and storms during the early part of the year. Moderate surge 
conditions were recorded during the actual 1979 surveys (SCE 1980a, Table 6-98).  

Diver observations indicate that cobble and small boulders attached to kelp 
plants may easily be displaced under strong surge conditions. Several young 
Pterygophora californica plants were observed at Station 14 on small cobbles 
which had been displaced. The same dynamic bottom conditions probably exist at 
offshore cobble Stations 12, 13, 14, and 15 due to similar bottom characteristics 
and the presence of adult or developing Pterygophora and Macrocystis spp. plants 
attached to movable hard substrata.  

Recruitment of algae and invertebrate species occurred at offshore cobble 
stations during 1978. Station-pair 12-13 exhibited recruitment of Macrocystis 
spp. while the presence of juvenile Styela montereyensis was noted at Station 14
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during August 1978. A dominant algal overstory composed of Desmarestia spp. and 
the Cryptonemia/Halymenia/Schizymenia complex existed at Station-pair 14-15 
during the August 1978 survey. In subsequent sampling periods, these algal spe
cies were either absent or far less abundant. Inshore cobble stations exhibited 
recruitment of Muricea spp. juveniles during all sampling periods with the excep
tion of the April-May survey. Recruitment of juvenile Macrocystis spp. occurred 
at various kelp stations throughout the May, July, and October 1978 and all 1979 
surveys with the exception of April. Juvenile Chelyosoma productum and Styela 
spp. were also observed at San Mateo, San Onofre and Barn Kelp, respectivETy.  

In comparison to previous percent cover estimates of Parvosilvosa, low esti
mates were recorded during the July survey at Station 9 (San Mateo Kelp, SCE 
1980c). A dense kelp canopy also existed during this survey. This co-occurrence 
suggests that the algal community composed of Parvosilvosa was reduced due to 
limited light penetration to the benthic community.  

INSHORE COBBLE AND SAND, AND OFFSHORE KELP STATIONS 

Substrata Composition 

Substrata (cobble, boulder, and sand) abundance estimates recorded at inshore 
cobble and sand stations during the 1979 sampling period are presented in Table 
5B-3. Hard substrata (cobble and boulder) abundances at cobble stations in Zone 

Table 58-3. Substrata composition at inshore cobble and sand stations sampled during 1979. Estimates are based upon 
20 m2 of sampling area unless otherwise noted.  

Cobble Stations 

Stations 1 and 2 Stations 6 and 8 

Substrata Feb Apr Jul Oct Feb Apr Jul Oct 

Boulder 10.8 16.1 12.9 16.0 36.3 37.0 41.0 42.0 
Cobble 71.0 54.1 54.5 39.2 15.6 14.2 9.5 13.8 
Sand 18.2 29.8 32.6 44.8 48.1 48.8 49.5 44.2 

Percent hard 
substratum 81.8 70.2 67.4 55.2 51.9 51.2 50.5 55.8 

Percent sand 
substratum 18.2 29.8 32.6 44.8 48.1 48.8 49.5 44.2 

Sand Stations 

Stations 3 and 4 Stations 5 and 7 
Substrata Feb* Apr Jul Oct Feb** APR JUL OCT 

Boulder 6.7 0.0 0.0 11.5 2.0 8.8 8.1 
Cobble 2.0 0.0 0.2 0.0 1.8 2.2 1.8 
Sand 91.3 100.0 99.8 88.5 96.2 89.0 89.1 

Percent hard 
substratum 8.7 0.0 0.2 11.5 3.8 11.0 10.9 

Percent sand 
substratum 91.3 100.0 99.8 88.5 96.2 89.0 89.1 

* Stations 3 and 4 were not sampled during the February 1979 survey.  
** Station 7 was not s mpled during the February 1979 survey, therefore, values 

are based upon 10 m of sampling area.
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OA (Stations 1 and 2) near the Unit 1 discharge and the Zone 6 far-field area 
(Stations 6 and 8) were most similar between stations within zones. Comparison 
of substrata estimates between Zones OA and 6 indicates a greater abundance of 
hard substrata present in Zone OA, however, the difference between zones is not 
statistically significant (Mann-Whitney test, P > 0.05). Substrata composition 
at predominantly sand stations located in Zone OA (Stations 3 and 4) and Zone 6 
(Stations 6 and 8) was similar between zones with slightly more exposed hard 
substrata occurring at stations located in Zone 6.  

Substrata abundance estimates at kelp stations sampled during 1979 appear in 
Table 5B-4. Hard substrata was most abundant at Stations 9 (San Mateo Kelp) and 
23 (San Onofre Kelp) averaging 93.4 and 85.3% cobble and boulder during the four 
surveys of 1979, respectively. Similar mean abundance estimates of hard sub
strata were noted at Stations 10 (San Onofre Kelp, 65.8%) and 11 (Barn Kelp, 
69.8%). Lowest estimates of hard substrata were consistently recorded at Station 
22 (San Onofre Kelp) during each survey and averaged 42.3% during the 1979 
sampling period. Statistical comparison of hard substrata abundance estimates 
among kelp stations during 1979 revealed a significant difference with highest 
estimates at Stations 9 and 23 (median test, P < 0.05).  

Number of Taxa 

The number of taxa or taxonomic assemblages identified during each 1979 sur
vey period at the inshore cobble and sand stations appears in Table 5B-5. The 
majority of the taxa sampled at all stations were sessile organisms.. Differences 
in the number of taxa sampled within zones and among surveys at the respective 
stations is more closely associated with the presence and absence of the same 
species and does not reflect major changes in species composition. Similar num
bers of taxa were identified at cobble stations in Zones OA and 6. The greatest 
mean numbers of taxa observed in each zone were associated with Station 1 (45.0, 
Zone OA) and Station 8 (38.5, Zone 6) during all surveys. Comparison of the 
total number of taxa recorded at cobble stations in Zones OA and 6 during 1979 
revealed no statistically significant difference (Mann-Whitney test, P > 0.05).  

The number of taxa identified at sand stations was similar among Stations 3 
and 4, located in Zone OA, and Station 7, located in Zone 6. Greater numbers of 
taxa were consistently recorded at Station 5 during each 1979 survey (Table 
5B-5). The greater number of taxa observed at Station 5 is probably associated 
with the greater amount of hard substrata recorded at that station during each 
survey. The substrata sampled at Station 7 was composed of 100% sand during all 
1979 quarterly surveys (SCE 1980c).  

The number of taxa or taxonomic assemblages of organisms identified at the 
offshore kelp stations during 1979 appears in Table 5B-6. The mean number of 
taxa identified during 1979 was greatest at Station 9 (61.3). The lowest mean 
number of taxa was identified at Station 10 (43) with similar mean numbers of 
taxa at Stations 11 (59), 22 (59), and 23 (56). Temporal comparison of the mean 
number of taxa identified at kelp stations during each 1979 survey revealed no 
significant differences among kelp stations (median test, P > 0.05).  

Trophic Structure 

Organisms observed during the benthic studies were assigned to trophic types 
defined in the glossary. In instances where an organism occupies more than one 
trophic type, the method by which it processes the majority of its food is 
designated as the trophic type. The trophic types and the methods of designating 
the type for each species are identical to those previously used (LCMR 1978c).



5B-16 

Table 5B-4. Substrata composition at kelp stations sampled during 1979. Estimates are based upon 10 m2 of sampling 
area at each station.  

Station 9 Station 10 

Substrata Feb Apr Jul Oct Feb Apr Jul Oct 

Boulder 38.5 46.5 44.5 64.2 48.0 50.0 42.5 47.5 
Cobble 52.9 45.0 50.5 31.3 23.0 31.0 11.0 10.5 
Sand 8.6 8.5 5.0 4.5 29.0 19.0 46.5 42.0 

Percent hard 
substratum 91.4 91.5 95.0 95.5 71.0 81.0 53.5 58.0 
Percent sand 
substratum 8.6 8.5 5.0 4.5 29.0 19.0 46.5 42.0 

Station 11 

Substrata Feb Apr Jul Oct 

Boulder 59.5 54.5 55.7 53.5 
Cobble 10.9 13.5 18.4 13.0 
Sand 29.6 32.0 25.9 33.5 

Percent hard 
substratum 70.4 68.0 74.1 66.5 
Percent sand 
substratum 29.6 32.0 25.9 33.5 

Station 22 Station 23 

Substrata Feb May Jul Oct Feb May Jul Oct 

Boulder 49.9 44.5 1.5 1.7 85.5 78.0 75.9 59.5 
Cobble * * 37.9 34.5 * * 13.1 29.0 
Sand 50.1 55.5 60.6 63.8 14.5 22.0 11.0 11.5 

Percent hard 
substratum 49.1 44.5 39.4 36.2 85.5 78.0 89.0 88.5 

Percent sand 
substratum 50.1 55.5 60.6 63.8 14.5 22.0 11.0 11.5 

* No differentiation was made between the cobble and boulder components of the 
hard substratum during the February and May surveys.
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Table 58-5. Number of benthic taxa sampled at the inshore cobble and sand substratum stations during 1979.  

Cobble Stations Sand Stations 

Survey 1 2 6 8 3 4 5 7 

Feb 42 31 43 39 * * 23 * 
Apr 25 17 28 30 9 6 9 3 
Jul 53 35 41 44 3 4 25 4 
Oct 60 42 45 41 5 3 23 7 

* Station covered with sand, no biological data collected.  

Table 5B-6. Number of benthic taxa sampled at offshore Station 9 (San Mateo Kelp), Stations 10, 22 and 23 (San Onofre 
Kelp), and Station 11 (Barn Kelp) during 1979.  

Station 

Survey 9 10 11 22 23 

Feb 70 37 51 54 45 
Apr 50 42 52 * * 
May * * * 65 54 
Jul 54 47 60 52 55 
Oct 71 45 71 64 71 

* During the second quarterly survey of 1979, Stations 9, 10, and 11 were 
sampled during April while Stations 22 and 23 were sampled during May.  

The trophic composition at the inshore cobble and sand stations, and the kelp 
stations during the 1979 sampling period is presented in Tables 5B-7 and 5B-8, 
respectively. Primary producers and suspension feeders were the dominant trophic 
types at inshore cobble stations in both Zones OA and 6. Sand substratum sta
tions generally supported lower numbers of all trophic types in contrast to num
bers observed at cobble stations (Table 5B-7).  

Primary producer taxa were abundant at both the offshore kelp stations and 
the inshore cobble stations. Suspension feeding taxa were the most numerous 
trophic types recorded at offshore kelp stations with the exception of Station 10 
(Table 5B-8). The annual mean abundances of primary producer and suspension 
feeding taxa enumerated at offshore kelp stations were consistently less than 
abundances observed at inshore cobble stations (Tables 5B-7, 8). The lowest 
annual mean number of each trophic type, with the exception of grazing taxa, was 
recorded at Station 10 (Table 5B-8). The same was true in 1978.  

Abundant Taxa 

The five most abundant enumerated and percent cover taxa and/or taxa 
assemblages observed at the inshore cobble stations during each 1979 sampling 
period are presented in Tables 5B-9 and 5B-10. These taxa are defined as the 
abundant organisms. They are generally non-motile, and are considered to repre
sent both the numerically dominant and functionally important organisms asso
ciated with the inshore cobble habitat.
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Table 5B-7. Trophic composition as represented by the number of taxa of each trophic type sampled at the inshore 
cobble and sand substratum stations during 1979.  

Trophic Type Cobble Stations Sand Stations 

Survey 1 and 2 6 and 8 3 and 4 5 and 7 

Primary Producers 
Feb 28 36 * 7 
Apr 19 26 6 5 
Jul 39 32 0 10 
Oct 41 29 2 4 

Mean Number of Taxa/20 m2  31.8 30.8 2.7 6.5 

Suspension Feeders 
Feb 30 33 * 13 
Apr 19 24 6 4 
Jul 36 40 1 13 
Oct 40 40 1 17 

Mean Number of Taxa/20 m2  31.3 34.3 2.7 11.8 

Grazers 
Feb 2 1 * * 
Apr 1 0 0 0 
Jul 2 1 0 0 
Oct 5 3 0 0 

Mean Number of Taxa/20 m2  2.5 1.3 0.0 0.0 

Scavengers 
Feb 9 7 * 3 
Apr 1 5 2 3 
Jul 7 6 5 4 
Oct 8 8 5 6 

Mean Number of Taxa/20 m2  6.3 6.5 4.0 4.0 

Predators 
Feb 4 3 * 0 
Apr 1 3 1 0 
Jul 3 5 0 1 
Oct 7 5 0 3 

Mean Number of Taxa/20 m2  3.8 4.0 0.3 1.0 

* Stations 3, 4, and 7 were covered with sand, no biological observations were 
made.



5B-19 

Table 5B-8. Trophic composition as represented by the number of taxa of each trophic type sampled at the offshore 
kelp stations during 1979.  

Trophic Type Station 

Survey 9 10 11 22 23 

Primary Producers 
Feb 19 13 16 15 15 
Apr 17 16 16 14 14 
Jul 12 .12 17 18 18 
Oct 14 18 19 22 20 

Mean Number of Taxa/10 m2  15.5 14.8 17.0 17.3 16.8 

Suspension Feeders 
Feb 34 12 25 19 19 
Apr 26 14 26 30 24 
Jul 29 16 27 20 24 
Oct 31 18 30 21 27 

Mean Number of Taxa/10 m2  30.0 15.0 27.0 22.5 23.5 

Grazers 
Feb 3 2 0 8 4 
Apr 2 2 0 6 5 
Jul 4 5 2 5 5 
Oct 7 4 4 5 6 

Mean Number of Taxa/10 m2  4.0 3.3 1.5 6.0 5.0 

Scavengers 
Feb 5 5 6 7 6 
Apr 2 7 5 11 6 
Jul 7 7 9 6 5 
Oct 8 2 9 9 9 

Mean Number of Taxa/10 m2  5.5 5.3 7.3 8.3 6.5 

Predators 
Feb 8 3 4 5 1 
Apr 1 3 4 4 5 
Jul 2 6 5 3 3 
Oct 10 3 9 7 9 

Mean Number of Taxa/10 m2 5.3 3.8 5.5 4.8 4.5
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Table 5B-9. Density (number/m 2 ) and rank order of abundance (value in parentheses) of the five most abundant taxa 
enumerated at inshore cobble substratum stations during 1979.  

Stations 1 and 2 Stations 6 and 8 
Abundant Taxa Feb Apr Jul Oct Feb Apr Jul Oct 

Cystoseira/Halidrys 0.3 1.2 (1) 1.4 (5) 1.8 (5) 3.7 (1) 2.1 (2) 2.2 (3.5) 3.4 (3) 
Muricea al1 onica 1.2 (3) 0.4 (3) 1.9 (4) 1.7 1.8 (3) 2.2 (1) 14.8 (2) 11.5 (1) 
Diopatra ornata 1.6 (2) 0.2 (4) 3.2 (3) 2.1 (4) 1.5 (4) 1.6 (3) 2.2 (3.5) 3.6 (2) 

o10patra splendissima 0.0 0.0 0.0 0.1 0.3 0.2 (4) 0.1 0.0 
2Tp aetopterus costarum 0.6 (5) 0.1 0.1 0.5 1.9 (2) 0.1 (5) 0.2 0.2 

atel a ngulata 0.0 0.0 0.0 3.0 (3) 0.0 0.0 0.0 0.2 
Mitrella carinata 2.0 (1) 0.2 (5) 0.1 0.5 0.5 (5) 0.0 0.1 0.4 
Pelecypods, unident. 0.0 0.0 0.0 0.1 0.1 0.0 0.0 1.8 (4) 
Chelyosoma productum 0.0 0.0 96.5 (1) 43.6 (1) 0.0 0.0 19.9 (1) 1.5 (5) 
St a montereyensis 0.6 (4) 0.6 (2) 4.6 (2) 5.0 (2) 0.0 0.1 2.0 (5) 1.0 

Total number of individuals* 172 56 2196 1264 230 154 906 536 
Total individuals, abundant taxa** 120 52 2152 1110 188 124 822 436 
Percentt 69.8 92.8 98.0 87.8 81.7 80.5 90.7 81.3 

* Estimates based on 20 m2 of sampling area.  
** Total numbers of individuals contributed by the five most abundant taxa.  
t Percent represented by the five most abundant taxa.  

Table 5B-10. Mean percent cover (%/m2 ) and rank order of abundance (value in parentheses) of the five most abundant 
taxa sampled at the inshore cobble substratum stations during 1979.  

Stations 1 and 2 Stations 6 and 8 

Abundant Taxa Feb Apr Jul Oct Feb Apr Jul Oct 

Br opsis hpnoides 0.0 0.0 0.0 0.0 4.1 (3) 1.9 7.2 (4) 5.6 (2) 
AcrosFrum inatum 1.0 0.6 3.2 (5) 8.2 (2) 0.2 0.0 0.6 0.4 
Corallina/H Ety on 0.5 0.3 0.4 0.6 10.0 (1) 3.2 (3) 5.0 (5) 3.4 (3) 
Hildenbrandi~aprototypus 2.5 (4) 0.6 1.0 0.8 0.7 0.3 0.2 0.5 
Platythamnion spp. 0.0 0.0 0.0 2.0 (5) 0.0 0.0 0.0 0.1 
Crustose corallines, unident. 9.8 (1) 1.5 (4) 12.8 (3) 1.1 3.6 (4) 0.6 1.1 0.9 
Parvosilvosa 7.4 (2) 4.5 (1) 23.8 (2) 8.6 (1) 9.4 (2) 5.3 (1) 10.1 (2) 2.8 (4) 
Rhodophytes, unident. 1.3 0.8 0.7 1.3 3.3 (5) 1.0 1.5 1.0 
White crustose corallines 1.4 (5) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Leucilla nuttin i 0.3 0.0 0.9 0.6 0.9 1.7 0.7 2.3 (5) 
TETf3iT, uniaenEt. 0.6 2.4 (2) 2.8 2.8 (4) 0.8 0.8 1.0 0.9 
Balanus spp. 0.2 0.7 1.8 0.6 0.9 2.0 (5) 1.0 0.9 
Ectoprocts, unident. (erect) 0.7 1.0 (5) 4.0 (4) 3.1 (3) 1.8 3.3 (2) 9.1 (3) 7.6 (1) 
Ectoprocts, unident. (encr.) 4.0 (3) 2.2 (3) 33.0 (1) 1.9 0.8 1.5 21.6 (1) 0.9 
Euherdmania claviformis 0.6 0.6 0.7 0.6 2.3 2.8 (4) 1.3 0.9 

Total Biological cover* 34.2 18.3 93.4 39.4 45.4 28.6 69.7 34.6 
Cover, abundant taxa** 25.1 11.6 76.8 24.7 30.4 16.6 53.0 21.7 
Percent (%)t 73.4 63.4 82.2 62.7 67.0 58.0 76.0 62.7 

* Estimates based on 20 m2 of sampling area.  
** Total percent cover contributed by the five most abundant taxa.  
t Percent of the biological cover accounted for by the five most abundant taxa.  

Abundant enumerated taxa at all inshore cobble stations included one alga and 
nine invertebrates (Table 5B-9), which accounted for a mean of 85% of all indivi
duals enumerated. Minimum and maximum numbers of individuals of these abundant 
taxa in both zones were observed during the April and July surveys, respectively.  
These surveys were conducted during or after periods of major (April) and minor 
(July) nearshore disturbances from storms. High numbers of individuals were also 
sampled during the late fall (October) when swell was reduced. Comparison of the 
total number of individuals of abundant taxa recorded in each zone indicated a 
statistically significant difference between zones with greater numbers recorded 
in Zone OA (Mann-Whitney test, P < 0.05).  

Both zones exhibited substantial increases in the abundance of the solitary 
plate tunicate, Chelyosoma productum, during the July survey. These increases 
may represent recruitment as evidenced by the high numbers of small individuals 
observed. Similarly, the sea fan, Muricea californica exhibited a considerable 
numerical increase in Zone 6 during the July survey period. Muricea is a long
lived soft coral (Grigg 1975) and the appearance of numerous juveniles during 
this survey may be considered evidence of recruitment to uninhabited hard 
substrata (Table 5B-9).
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No enumerated taxa in either zone were consistently ranked first or second 
during 1979. Only the ornate polychaete, Diopatra ornata, was ranked among the 
five most abundant organisms, occurring duringa surveys in both zones (Table 
5B-9).  

Abundant percent cover taxa sampled at inshore cobble stations in Zones OA 
and 6 during each 1979 sampling period included nine algae or algal assemblages 
and six invertebrates (Table 5B-10). These taxa accounted for an average of 68% 
of the total biological cover at cobble stations within Zones OA and 6. Similar 
to abundance estimates of enumerated organisms, the lowest total percent biologi
cal cover was observed during the April survey and the highest during the July 
survey in both zones.  

Four taxa, unidentified crustose coralline algae, the algal assemblage 
Parvosilvosa, and unidentified encrusting and erect ectoprocts, were considered 
abundant in both zones (Table 5B-10). Maximum percent cover abundance estimates 
of these groups were recorded during the July survey in both zones. Minimum per
cent cover estimates for these organisms in Zone OA were observed during the 
April survey. Similar minimum estimates of unidentified erect ectoprocts and 
Parvosilvosa were recorded in Zone 6 during April and October, respectively.  

Abundant taxa or taxa assemblages observed at the inshore sand stations in 
Zone OA and Zone 6 during the 1979 sampling period included 13 invertebrates 
represented by 10 sessile and 3 motile species. These abundant organisms 
accounted for an average of 99% of all individuals sampled at the inshore sand 
stations during the 1979 survey period (Table 5B-11).  

Table 5B-11. Density (number/m 2 ) and rank order of abundance (value in parentheses) of the five most abundant taxa 
enumerated at inshore sand substratum stations during 1979.  

Stations 3 and 4 Stations 5 and 7 

Abundant Taxa Feb* Apr Jul Oct Feb* Apr Jul Oct 

Muricea californica 0.2 ( 0.05 (4) 0.1 (3) 1.7 (2 1.3 (2) 1.8 (3) 1.6 (3) 
Diopatra ornata 0.8 (1 1.4 (1) 0.5 (2) 4.5 (1 0.0 1.9 (2) 4.6 (2) 
Di patra splendissima 0.0 0.8 (1) 0.0 8.2 (1) 6.4 (1) 4.7 (1) 

oen pterus costarum 0.0 0.0 0.0 0.4 (4) 0.0 0.0 0.1 
Onuphid, unident. 0.0 0.2 (2) 0.05 (4) 0.2 (5) 0.0 0.2 0.5 (4) 
Sabellariid, unident. 0.0 0.0 0.0 0.0 0.0 0.0 0.2 (5.5) 
Loxorhynchus spp. 0.0 0.05 (4) 0.0 0.0 0.0 0.0 0.0 
KelTetia kelletii 0.0 0.0 0.0 0.0 0.05 (3) 0.0 0.0 

t im in hTt 0.05 (3) 0.0 0.0 0.0 0.0 0.0 0.1 
Che1 om productum 0.0 0.0 0.0 0.0 0.0 0.4 (4) 0.0 
Clavelina huntsman, 0.0 0.0 0.0 0.7 (3) 0.0 0.0 0.0 
Styela montereyensis 0.0 0.0 0.0 0.0 0.0 0.2 (5) 0.2 (5.5) 
Invertebrate eggs, unident. 0.0 0.05 (4) 0.0 0.0 0.0 0.0 0.0 

Total number of individuals* 20 35 29 78 190 220 245 
Total individuals, abundant taxa** 20 35 29 75 190 214 236 
Percent (%)t 100 100 100 96.2 100 97.3 96.3 

* Stations 3 and 4 in Zone OA and 7 in Zone 6 were covered with sand during the February survey and no biolo
gical data were collected; therefore, these data are based upon 10 m of sampling area.  

** Total numbers of individuals contributed by the five most abundant taxa.  
t Percent represented by the five most abundant taxa.  

Only one organism, Muricea californica, was considered abundant in both zones 
during all survey periods. |wo congeners of the polychaete Diopatra were also 
observed in both zones and were consistently ranked first or second during sur
veys when they were present. The maximum number of Diopatra was found during the 
July survey period. With the exception of an unidentified onuphid polychaete, 
the remaining abundant organisms sampled at the inshore sand stations occurred in 
low densities and were recorded in only one of the two zones (Table 5B-11).  

The five most abundant enumerated and percent cover taxa and/or taxa 
assemblages observed at the kelp stations during the 1979 sampling period are 
presented in Tables 5B-12 and 5B-13, respectively. These taxa are defined as
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abundant, are generally non-motile, and appear to represent the dominant and 
functionally important organisms associated with the kelp forest habitat.  

Table 5B-12. Density (number/m 2 ) and rank order of abundance (value in parentheses) of the five most abundant taxa 
enumerated at each kelp station during 1979.  

Station 9 station IU station II 
Abundant Taxa Feb Apr Jul Oct Feb Apr Jul Oct Feb Apr Jul Oct 

Macrocystis spp. 2.0(4) 1.2(4) 0.4 0.3 0.0 0.0 0.0 0.0 2.6(3) 1.6(4) 1.6 1.5 
uicea ca ifornica 1.1 1.0(5) 1.3 3.1(5) 0.1 0.0 0.0 0.0 1.9(5) 2.0(3) 2.1 2.5(5) 

Zaolutus actius 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0(4) 
TnAe onemidTent. 0.0 0.2 0.1 0.8 0.4 0.5 0.2 0.0 2.2(4) 1.1 2.8(5) 0.0 
Di1patra ornata 1.7(5) 1.5(2) 2.7(5) 2.1 2.2(2) 1.1(3.5) 0.6 0.2 3.5(2) 2.9(2) 5.0(3) 6.4(2) 
Sigii ~opo a alifornica 0.6 0.0 7.0(3) 0.0 0.4 0.0 1.5 0.0 0.4 0.0 0.6 0.0 
Spiochaeto terus costarum 1.3 0.2 1.6 0.0 1.4(3.5) 0.2 3.5(3) 4.7(2) 0.4 0.1 3.2(4) 0.6 
nuphid, ni10 ent. 0.0 0.0 0.0 0.0 0.2 0.1 0.0 1.0)(5) 0.0 0.0 0.0 0.0 
Balanus spp. (moribund) 0.0 0.0 0.0 0.0 0.0 0.0 3.6(2) 0.0 0.0 0.0 0.0 0.0 
Tetraclita spp. 0.0 0.0 0.0 0.0 0.0 0.0 2.7)4 0.0 0.0 0.0 0.1 0.0 
Pagurids, unident. 7.3(2) 0.0 0.1 3.3(4) 0.0 0.0 0.1 0.0 0.0 0.1 0.1 0.3 
Mitrella carinata 12.0(1) 0.4 1.2 30.2(2) 0.0 0.0 0.1 0.5 0.0 0.0 0.0 0.6 
Kelletia kelletii 0.6 0.4 0.6 1.5 0.9(5) 0.0)5) 0.0 0.0 1.3 0.3 0.2 0.7 P3iTFminiata 0.0 0.0 0.0 0.0 1.4(3.5) 1.3(2) 1.0 0.9 0.0 0.0 0.0 0.0 
Lytechinus spp. 0.0 0.0 0.5 3.7(3) 2.8(1) 4.1(1) 2.4(5) 3.1(3) 0.0 0.0 0.3 0.2 
Trongy ocentrotus purpuratus 1.2 0.0 0.3 0.1 0.4 1.1(3.5) 0.9 0.5 0.0 0.0 0.0 0.0 
Stronqylocentrotus franciscanus 3.0(3) 2.5(1) 1.3 2.8 0.0 0.0 0.1 0.0 0.0 0.0 0.3 0.4 Chelyosoma productum 1.3 1.4)3) 31.5(1) 32.6(1) 0.0 0.0 15.4)1) 8.2)1) 0.0 0.5 5.1(2) 11.6(1) 
Distaloia occidentalis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3(5) 0.0 0.0 
Fiolpa sup. 0.1 0.0 11.4(2) 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 
Pyura haustor 0.3 0.4 2.9(4) 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.2 0.0 
yTeia mintereyensis 0.1 0.2 1.8 2.4 0.0 0.2 0.8 1.1(4) 4.7(1) 3.6(1) 5.8(1) 6.1(3) 

Total number of individuals* 381 115 673 950 108 108 367 218 211 161 327 442 
Total individuals, top 5 taxa* 260 76 555 729 87 84 276 101 149 114 219 306 
Percent (%)t 68.2 66.1 2.5 6.7 80.6 77.8 75.2 83.0 70.6 70.8 67.0 69.2 

Station 22 Station 23 
Abundant Tuxa Feb May Jul Oct Feb May Jul Oct 

Pteryoybora californica 2.2(3) 2.2(5) 2.8(2) 4.5(2) 22.5(2) 27.7(2) 27.6 20.8(2) 
ainoiO eunT 0.0 0.0 0.2 0.0 0.0 0.0 15.5)4 0.0 
Muricea californica 0.6 0.7 1.0(5.5) 0.4 0.2 0.3 0.3 0.5 
tylactIS pro i era 0.8 2.4(3.5) 0.2 0.0 0.0 0.0 0.0 0.0 
Diopatra ornata 0.6 0.7 1.1(4) 1.2 2.3(5) 2.2(6) 7.3(5) 8.8(4) 
a e aria cementarium 1.3(4) 3.6(2) 0.0 0.0 0.3 2.2 6) 0.0 0.0 
Paguristes, spp. 0.9 0.6 1.8(3) 0.1 0.3 0.0 0.0 0.1 
Pagurids, unident. 3.6(1) 0.3 0.8 4.3(3) 0.0 0.0 2.4 5.2(5) 
Mitrella carinata 1.1 2.4(3.5) 0.2 1.1 6.4(4) 5.2(4) 0.3 2.0 

Teeta 0.6 1.2 0.3 0.8 1.7 2.2(6) 1.0 0.5 
Ft5TclfIus spp. 0.5 0.2 1.0(5.5) 0.5 0.4 0.3 0.0 0.3 
Strongy ocentrotus franciscanus 1.2(5) 1.2 0.8 1.4(5) 0.0 0.1 0.0 0.0 
Chel56o iproductum 2.8(2) 6.5(1) 12.2(1) 9.4(1) 109.7(1) 123.6(1) 125.2(l) 73.0(1) 
Styela montereyensis 0.4 1.4 0.7 1.5(4) 8.6(3) 10.8(3) 21.8(3) 16.6(3) 

Total number of individuals* 237 335 277 324 156 181 210 145 
Total individuals, top S taxa* Ill 171 199 211 150 174 197 125 
Percent (%)t 46.8 51.0 71.8 65.1 95.8 95.9 94.2 85.6 

Estimates based on 1012 of sampling area.  
Total number of individuals accounted for by the five most abundant taxa.  

t Percent represented by the five most abundant taxa.  

The abundant enumerated organisms sampled at the five kelp stations included 
27 taxa consisting of three algal and 23 invertebrate taxa and a single secondary 
substrata group (Balanus spp., moribund, Table 58-12). These abundant organisms 
accounted for a mean of 75% of the total number of individuals observed at each 
kelp station during the 1979 sampling period. The mean of the total number of 
individuals observed at each kelp station during 1979, calculated by averaging 
the total number of individuals sampled during each survey, ranged from 530 at 
Station 9 (San Mateo Kelp) to 173 at Station 23 (San Onofre Kelp). Mean total 
number of individuals at Stations 22 (San Onofre Kelp) and 11 (Barn Kelp) were 
293 and 285, respectively. Low total number of individuals were recorded during 
the April survey period at Stations 9, 10, and 11. Low numbers of individuals 
were also observed during the February and October surveys at Stations 22 and 23, 
respectively. Comparison of the total number of individuals observed at each 
kelp station during each survey period revealed a statistically significant dif
ference among kelp stations, with Station 9 averaging the greatest number of 
individuals throughout the year (median test, P < 0.05).  

No enumerated taxon was considered abundant at all kelp stations during the 
1979 sampling period. The majority of abundant enumerated taxa usually occurred
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infrequently throughout 1979. Five organisms including Lytechinus spp. at 
Station 10, Diopatra ornata and St ela montereyensis at stations 11 and 23, and 
PteryZgophora californica and Chelyosoma productum at Stations 22 and 23 were 
abundant during each survey (Table 5B-12) Mea densities of these organisms 
were calculated by averaging the number of individuals counted in each of the ten 
1-m2  quadrats. The urchin Lytechinus was usually the most numerous organism 
observed at Station 10, occurring in mean densities ranging from 2.8 to 
4.1/M 2  during 1979. Lytechinus was also found at Stations 9 (3.7/M 2) and 22 
(1.0/M 2 ) during the OctobeFr and July survey periods, respectively. The 
polychaete Diopatra ornata occurred in mean densities ranging from 2.9 to 
6.4/M2  and T.2 to 877 at Stations 11 and 23 during 1979, respectively.  
Although Diopatra was observed during at least one survey at all other kelp 
stations, mean ensities were less than 2.0/m 2. The tunicate Styela montereyen
sis was observed in mean densities ranging from 3.6 to 6.1/m 2 and 8.6 to 21.8/m2 

at Stations 11 and 23, respectively. In contrast, Styela density in October at 
Station 22 was 1.5/m 2. These animals may represent new recruits. The presence 
of juvenile Styela spp. has been noted at several inshore and offshore cobble 
stations during 'T79.  

Table 5B-13. Mean percent cover (%/m2 ) and rank order of abundance (value in parentheses) of the five most abundant 
taxa sampled at each kelp station during 1979.  

Station 9 Station i0 Station 11 

Abundant Taxa Feb Apr Jul Oct Feb Apr Jul Oct Feb Apr Jul Oct 

Bossiella 1.1 0.4 0.1 0.4 0.0 0.0 0.0 0.0 2.6 1.9(5.5) 1.4(5.5) 1.5 
TioFETTTT/al iptln I5.2 ?.) ()0- :7 1.8 1.1 0.2 0. .1 0031(4 09 14(5.S) 2.1 
Ilildenbrandia rotot >us 0.9 0 0.1 0.9 8.3(3) 2.5(4) 2.5(3) 1. 0.5 1.1 0.0 0.8 
Pterocladia/e 12um 10.2(3) 7.4(5) 5.2(4) 4.2(5) 0.0 0.0 0.0 0.0 1.7 0.9 1.0 1.1 

Rhodymenia spl. 8.2(5) 12.5(4 1.3 3.3 0.4 0.5 0.R 0.9 7.7(2) 4.1(3) 10.4(1) 8.7(2) 
usec ora llines, unideit. 11.0(2) 14.5(3) 26.2(1) 11.8(1) 42.7)1) 35.0)1) 33.0(1) 47.5(1) 2.3 1.0 0.5 1.7 

Parvosilvosa 17.8)1) 21.5(1) 2.7(5) 6.3(2) 16.9)) 16.5() 23.7)2) 37. () 7.9(1) 5.4(2) 5.3(3) 17.5)1) 
White coralline crust 0.3 0.0 0.0 0.0 1.3(5) 0.0 0.0 0.4 0.0 0.0 0.0 0.0 
Leucilla nuttingi 1.0 2.6 0.7 2.0 0.5 0.1 0.0 0.2 0.9 0.5 0.4 3.0(5) 
ilyTri<1, unident. 2.b 15.0(2) 1.0 4.5(4) 0.5 1.4 0.8 2.6(4) 0.5 1.9(5.5) 1.0 4.3(4) 
Astrangia spp. 3.5 2.1 1.9 1.0 6.3(4) 3.0(3) 2.4(4) 3.5(3) 0.5 0.4 0.5 0.6 

a anus sp . 0.3 0.0 0.0 0.0 0.4 2.0(5) 0.0 0.3 0.0 0.2 0.0 0.0 
Ectoprocts, unident. (encr) 9.8(4) 4.7 9.4(2) 1.2 0.6 1.4 0.5 2.5(5) 7.3(3) 2.9(4) 1.9(4) 1.1 
Ectoprocts, unident. (erect) 2.6 7.3 6.9(3) 5.0(3) 0.0 0.2 0.0 0.0 2.7(5) 7.1(1) 6.8(2) 5.7(3) 
Trididemnum/Didemnum 0.8 0.3 1.2 1.5 0.8 0.3 1.0(5) 0.4 0.2 0.1 0.1 1.0 

Total biological cover* 84.8 104.2 68.5 53.7 81.3 67.0 67.6 106.9 45.8 36.3 40.1 57.9 
Cover, abundant taxa* 57.0 70.9 50.4 32.3 75.5 59.0 62.6 93.1 28.7 23.3 27.2 39.2 
Percent (%)t 67.2 60.0 73.6 60.1 92.9 88.0 92.6 87.1 62.7 64.2 67.8 67.7 

Station 22 Station 23 

Abundant Taxa Feb May Jul Oct Feb May Jul Oct 

Bossiella spp. 1.4 0.8 2.1 1.6(4.5) 0.1 0.1 0.1 0.2 
o r il 1ptylon 1.2 1.4 2.8(5) 1.6(4.5) 0.6 0.7 0.4 0.8 
Pterocladia/Gelidium 1.3 0.9 1.9 1.4 4.9(4) 4.4(5) 7.8 3.574) 
Rodymenia spp. 10.2(3) 8.4(3) 6.3(3) 5.7(3) 20.5 (3 18.6)3) 11.1)4) 10.0(3) 
Crustose corallines, unident. 33.6 37.1)) 37.5 11.1(2) 48.51 58.5)1) 33.8)1) 32.7)1) 
Parvosilvosa 12.2)2 21.6)2 24.1)2 11.71 29.5)2 30.5)2 22.3)2 29.2 
Hydroids, unident. 0.7 1.7 0.8 0.9 0.9 2.9 8.5(5) 3.0 
Astrangia spp. 1.8(3) 1.4 0.7 0.9 0.7 0.7 1.2 1.0 
Balanus spp. 1.0 3.5(5) 3.5(4) 1.2 1.3 0.7 0.0 0.1 
tctnprocts, unident. (erect) 0.0 0.0 2.0 0.0 0.0 0.0 19.7(3) 3.1(5) 
Ectoprocts, unident. 3.4(4) 4.1(4) 1.4 1.0 3.5(5) 5.4(4) 1.6 1.1 

Total biological cover* 70.0 85.0 90.2 45.3 113.2 129.6 118.7 96.5 
Cover, abundant taxa** 61.2 74.7 74.2 31.7 106.9 117.4 95.4 78.5 
Percent (%)t 87.4 87.9 82.3 70.0 94.4 90.6 80.4 81.3 

Estimates based on 10 m2 of sampling area 
Total percent cover contributed by th five most abundant taxa.  

t Percent of the total biological cover accounted for by the five most abundant taxa.  

Mean densities of the kelp Pterygophora californica and the tunicate 
Chelyosoma productum ranged from 2.2 to 4.b/m and 2.8T5T1.2/m2 at Station 22, 
and from 20.8 to 27.7/m 2  and 73.0 to 125.2/m 2  at Station 23, respectively.  
Pterygophora was not recorded as an abundant enumerated organism at the other 
offshore kelp stations. Chelyosoma was considered an abundant organism at 
Stations 10 ard 11 during the July and October surveys and at Station 9 during 
April, July and October surveys. Mean densities of Chelyosoma during these sur
vey periods at Stations 9, 10, and 11 were 18.5, 11.8, and 8.4/m 2. respectively.
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Abundant percent cover organisms observed at offshore kelp stations during 
1979 include 16 taxa or taxa assemblages representing eight algae and eight 
invertebrate taxa (Table 5B-13).. The abundant percent cover organisms accounted 
for an average of 78.3% of the total biological cover observed at the offshore 
kelp stations during the 1979 sampling period.  

Total biological cover was greatest at Station 23 which averaged 114.5% 
during 1979. Biological cover was similar among Stations 10, 22, and 9 during 
1979 averaging 80.7, 72.6, and 77.8%, respectively (Table 5B-13). Statistical 
comparison of the total percent biological cover observed at each kelp station 
during 1979 revealed no significant differences among stations (median test, P < 
0.05).  

Parvosilvosa was the only abundant percent cover taxa which occurred at each 
kelp station during all surveys (Table 5B-13). Mean percent cover estimates were 
greatest at Stations 23 and 10 where 27.8 and 23.5% cover was observed, respec
tively. Estimates of Parvosilvosa were similar at Stations 9 and 22 averaging 
12.2 and 17.4%, respectively. The minimum mean estimate of Parvosilvosa (9.0%) 
was recorded at Station 11 during 1979. Statistical comparison of percent cover 
estimates of Parvosilvosa sampled at each kelp station during the 1979 sampling 
period revealed no significant differences among stations (median test, P > 
0.05). Percent cover estimates of Parvosilvosa at Station 9, however, decreased 
significantly during the July and October surveys in comparison to the February 
and April survey periods (t-test, P < 0.05).  

Unidentified crustose coralline algae were considered abundant at all sta
tions except Station 11 and was generally the most abundant percent cover orga
nism sampled. Highest mean percent cover of this taxon was recorded at Station 
23 (43.4%). High levels were also found at Stations 10 (39.6%) and 22 (29.8%).  
Percent cover estimates were usually lowest during each survey at Station 9 which 
averaged 15.9% during the year. Temporal comparison of percent cover estimates 
of unidentified encrusting coralline algae recorded at Stations 9, 10, 22, and 23 
detected a significant difference in abundance patterns among kelp stations 
(median test, P < 0.05).  

The alga Rhodymenia spp. ranked as an abundant organism at Stations 11, 22, 
and 23 during all survey periods and averaged 7.7, 7.7, and 10.0% cover, 
respectively. It occurred at Station 9 averaging 10.4% cover during the February 
and April surveys (Table 5B-13).  

OFFSHORE COBBLE STATIONS 

The sampling design for the offshore cobble stations uses two sampling stra
tegies to generate data describing the benthic communities associated with cobble 
habitats. These strategies include abundance estimates of the dominant flora and 
fauna by the sampling of a 2 x 3-m (6.0-m 2) station area with 300 evenly distri
buted points. The second strategy subsamples the same 6.0-m 2 station area with 
four randomly placed 0.125-m2 quadrats to generate dispersion data (in sensu 
Elliott 1971) on the numerically dominant as well as the less conspicuous 
organisms. These two sampling methods produce different data types and are pre
sented independently in this section. The results of both will be considered 
collectively in the discussion of all the 1979 benthic data.  

Wide Area Substrata Reconnaissance 

Estimates of substrata composition at offshore cobble stations were presented 
in SCE 1980a (Tables 6-91 through 6-94). A definite distinction exists between 
groups of station-pairs in regard to substrata composition. Station-pairs 12-13,
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14-15, 16-17, and 18-19 are characterized by a predominance of dynamic cobble and 
boulder habitats. Although the composition of cobble and boulder is variable, 
the total composition of hard substrata is relatively stable. Station-pair 
20-21, historically surrounded by an extensive sand plain, is the only station
pair dominated by sand.  

Total Number of Taxa, Percent Hard Substrata, and Percent Biological Cover 

Observations on the total number of taxa, total percent hard substrata, and 
total percent biological cover collected using the 6.0-M 2 sampling technique at 
each offshore cobble station from August 1978 through October 1979 are summarized 
in Table 5B-14.  

Table 5B-14. Total number of taxa (T), total percent hard substrata (S), and total percent biological cover (B) sampled 
at each offshore 6.0 m2 cobble station from August 1978 through October 1979.  

1978 1979 Std 

Aug Oct Feb Apr Jul Oct Mean Error 

Station 12 T 27 22 22 30 30 22 25.5 1.6 
S 89.3 87.7 91.0 95.7 96.3 96.0 92.7 1.6 
B 191.7 157.3 147.3 159.3 168.3 150.0 162.3 6.6 

Station 13 T 36 24 24 28 31 27 28.3 1.9 
S 89.7 91.0 90.3 95.7 98.3 94.7 93.3 1.4 
B 165.7 173.0 150.7 167.0 195.7 163.7 169.3 6.1 

Station 14 T 31 32 25 31 29 29 29.5 1.0 
S 94.0 81.3 82.7 86.0 90.0 89.3 87.2 2.0 
B 177.7 133.3 124.7 178.3 181.3 178.0 162.2 10.6 

Station 15 T 33 27 25 28 29 29 28.5 1.1 
S 90.3 92.3 82.7 90.0 90.7 86.0 88.7 1.5 
B 202.3 171.0 134.7 142.0 185.7 171.3 167.8 10.5 

Station 16 T 20 18 23 19 25 15 20.0 1.5 
S 63.3 69.3 59.3 68.0 64.3 66.7 65.2 1.5 
B 121.0 149.0 122.3 121.0 143.0 118.7 129.2 5.4 

Station 17 T 21 20 18 20 26 21 21.0 1.1 
S 68.0 74.7 68.7 71.7 61.7 63.3 68.0 2.0 
B 175.0 175.0 182.0 183.0 177.3 184.0 179.4 1.7 

Station 18 T 23 19 17 17 20 21 19.5 1.0 
S 90.0 91.0 86.0 91.7 89.7 93.0 90.2 1.0 
B 119.3 131.0 121.3 115.7 142.3 143.3 128.8 4.9 

Station 19 T 22 19 18 23 21 22 20.8 0.8 
S 88.3 92.0 88.7 92.7 92.0 85.0 89.8 1.2 
B 118.7 117.7 118.3 122.3 117.3 113.0 117.9 1.2 

Station 20 T 28 22 24 25 24 29 25.3 1.1 
S 50.7 58.0 50.7 67.3 59.0 62.0 58.0 2.7 
B 60.0 72.0 85.7 98.0 87.3 89.7 82.1 5.6 

Station 21 T 26 19 21 20 22 24 22.0 1.1 
S 57.0 68.3 66.3 76.3 64.3 65.3 66.3 2.6 
B 72.7 91.7 90.0 98.0 98.0 106.0 92.7 4.6
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The offshore cobble stations may be separated into three groups based on sta
tion location and similar mean estimates of the total number of taxa, percent 
hard substrata, and percent biological cover (Figure 5B-2, Table 5B-14). These 
groups are Station-pairs 12-13 and 14-15, Station-pairs 16-17 and 18-19, and 
Station-pair 20-21. The highest mean estimates of total number of taxa, percent 
hard substrata, and percent biological cover (with the exception of Station 17) 
occurred at Station-pairs 12-13 and 14-15 located near San Mateo Kelp and 
approximately 600 m upcoast of the Unit 2 diffuser, respectively (Figure 58-2, 
Table 5B-14). The lowest mean number of taxa and intermediate estimates of per
cent biological cover were recorded at Station-pairs 16-17 and 18-19 which are 
located approximately 800 m and 2 km downcoast of the Unit 3 diffuser near the 
offshore center of San Onofre Kelp, respectively (Figure 5B-2, Table 5B-14).  
Percent hard substrata estimates were intermediate at Station-pair 18-19 and low 
at Station-pair 16-17. An intermediate estimate of the mean number of taxa, and 
low estimates of percent hard substrata and percent biological cover were 
recorded at Station-pair 20-21 located approximately 8 km downcoast of San Onofre 
Kelp on a small cobble area surrounded by sand (Figure 58-2, Table 5B-14).  
Statistical comparisons of the total number of taxa, percent hard substrata, and 
percent biological cover revealed a significant difference among station groups 
with highest mean estimates recorded at Station-pairs 12-13 and 14-15 (ANOVA, P < 
0.001).  

Temporal changes associated with number of taxa were not apparent during the 
1978-1979 sampling period, however, percent hard substrata and biological cover 
varied moderately through time at some stations (Table 58-14). Hard substrata 
estimates exhibited little variation (standard errors < 2.0) among surveys at 
Stations 12 through 19 (Table 58-12). In contrast, hard substrata estimates 
recorded at.Station-pair 20-21 increased 9.8% between the August 1978 and October 
1979. Temporalvariation associated with total biological cover was greatest at 
Station-pair 14-15 where maximum estimates were generally recorded during the 
summer sampling periods in both 1978 and 1979, and minimum estimates were 
recorded during the February 1979 survey. Moderate temporal variation in percent 
biological cover was recorded at Station-pair 20-21 which exhibited a mean 
increase of 31.5% between August 1978 and October 1979 (Table 5B-14). A signifi
cant positive correlation (Spearman rho, P < 0.05) was found between the estima
tes of hard substrata and biological cover -or the six sampling periods.  

Community Composition 

Distinct similarities exist among the offshore cobble station-pairs with 
regard to percent cover of primary producing algae and sessile invertebrates 
(Table 5B-15). Station-pairs 12-13 and 20-21 exhibited a greater mean percent 
cover of sessile invertebrates than primary producers. Data for individual sur
veys reveal that relative abundances of algae and sessile invertebrates reversed 
patterns of dominance between the October 1978 and February 1979 surveys at 
Station 12. Station 13 has had a higher percent cover of sessile invertebrates 
than primary producers during all surveys. The distance between Stations 12 and 
13 may account for these differences. The kelp canopy over Station 13 has, in 
the past, been more prevalent because of neighboring adult Macrocystis plants.  
Therefore, ambient light reaching the underlying benthic community probably was 
less than at Station 12 until the kelp canopy extended over both stations. The 
reverse relationship is apparent at Station-pairs 14-15, 16-17, and 18-19 where 
primary producer percent cover was always substantially greater than invertebrate 
cover. The only exception to this occurred at Station 18 during August 1978 
where sessile invertebrate cover slightly exceeded primary producer cover and at 
Station 12 which had greater primary producer cover through the October 1978 
survey.
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Table 5B-15. Biological cover (%/6 m2 ) of primary producers (PP) and sessile invertebrates (SI) observed at offshore 
cobble stations from August 1978 through October 1979.  

1978 1979 Standard 

Station PP/SI Aug Oct Feb Apr Jul Oct Mean Error 

12 PP 138 83 59 49 35 33 66.2 16.2 
SI 50 65 72 91 94 86 76.3 7.0 

13 PP 59 51 34 27 40 35 41.0 4.9 
SI 94 107 102 125 151 104 113.8 8.5 

14 PP 138 100 87 137 138 131 121.8 9.2 
SI 19 17 12 25. 21 21 19.2 1.8 

15 PP 174 139 83 112 152 141 133.5 13.0 
SI 18 18 13 14 18 13 15.7 1.1 

16 PP 77 114 101 93 112 103 100.0 5.6 
SI 10 6 5 4 10 2 6.2 1.3 

17 PP 121 145 146 151 150 154 144.5 4.9 
SI 14 7 5 9 15 7 9.5 1.7 

18 PP 42 88 55 69 104 109 77.8 11.0 
SI 46 17 17 12 8 12 18.7 5.6 

19 PP 61 68 65 65 70 74 67.2 1.9 
SI 28 18 13 20 12 11 17.0 2.6 

20 PP 17 17 38 25 22 35 25.7 3.7 
SI 39 50 46 69 63 53 53.3 4.5 

21 PP 21 37 28 28 25 32 28.5 2.3 
SI 47 52 48 66 72 72 59.5 4.8 

Three Dimensional Layering of Organisms 

Three distinct levels of biological cover ranging from organisms attached to 
the substratum to those which form a canopy over the substratum were recorded 
using the point contact sampling technique. Percent biological cover estimates 
recorded for Organism Level 1 (OL1), Organism Level 2 (0L2), and Organism Level 3 
(0L3) at each offshore cobble station during the study period appear in Table 
58-16.  

Inspection of these data reveals that OL1, the basement story, always 
included the major portion of the total biological cover reported for each 
station. High levels of mean percent biological cover observed at OL1 during the 
1978-1979 sampling period were recorded at Stations 12, 13, 14, 15, and 17 with 
an average of 95.5%. Low levels of mean biological cover at the basement story 
were noted at Stations 16, 20, and 21 averaging 69.4%. The second story level, 
OL2, varied considerably among stations ranging from a mean of 18.0% cover at 
Station 20 to a mean of 62.7% cover at Station 17. The lowest proportion of 
biological cover always occurred in OL3, the overstory, ranging from a mean of 
1.3% at Station 19 to 22.0% at Station 17 (Table 5B-16).
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Table 5B-16. Biological cover (%/6 m2 ) recorded at Organism Levels 1 (OL1), 2 (OL2), and 3 (OL3) from August 1978 
to October 1979.  

Organism 1978 1979 Standard 

Station Level Aug Oct Feb Apr Jul Oct Mean Error 

12 OL3 18 9 7 8 13 9 10.7 1.7 
OL2 75 53 48 55 59 45 55.8 4.3 
OL1 98 95 92 96 97 97 95.8 0.9 

13 0L3 9 10 4 13 15 11 10.3 1.5 
OL2 59 66 50 57 82 57 61.8 4.5 
OL1 98 97 97 96 99 96 97.2 0.5 

14 0L3 17 6 4 14 20 18 13.2 2.7 
OL2 63 36 34 67 63 64 54.5 6.2 
OL1 97 92 87 98 99 96 94.8 1.9 

15 0L3 28 14 5 5 20 14 14.3 3.6 
OL2 75 60 41 43 70 60 58.2 5.6 
OL1 99 97 89 94 96 97 95.3 1.4 

16 0L3 7 18 12 6 12 5 10.0 2.0 
OL2 39 50 38 39 48 38 42.0 2.2 
OL1 75 81 72 76 84 76 77.3 1.8 

17 0L3 30 18 25 17 22 20 22.0 2.0 
OL2 60 64 60 67 59 66 62.7 1.4 
OL1 85 93 97 98 96 98 94.5 2.0 

18 0L3 2 2 1 1 7 8 3.5 1.3 
OL2 30 39 31 20 41 41 33.7 3.4 
OL1 88 90 89 95 95 95 92.0 1.4 

19 0L3 2 1 2 0 1 2 1.3 0.3 
OL2 28 28 27 26 27 24 26.7 0.6 
OL1 89 89 91 96 89 87 90.2 1.3 

20 0L3 1 2 2 3 5 2 2.5 0.6 
OL2 8 13 20 23 22 22 18.0 2.5 
OL1 52 57 69 72 61 66 62.8 3.1 

21 0L3 1 3 3 1 3 2 2.2 0.4 
OL2 16 24 22 19 24 27 22.0 1.6 
OL1 57 65 61 78 71 76 68.0 3.4 

The stations may be separated into three groups according to mean estimates 
of biological cover at each organism level (Table 5B-16). Similar high levels of 
biological cover in OL1 were found at Stations 12, 13, 14, 15, 18, 19, and 17 
with a mean of 94.3% cover. Comparatively low mean levels of biological cover in 
OL1 were exhibited by Stations 16, 20, and 21. High estimates of mean biological 
cover in OL2 occurred at Stations 12, 13, 14, 15, and 17 with a mean of 58.6%.  
Intermediate mean estimates of biological cover in OL2 were associated with 
Stations 16, 18, and 19. Stations 12 through 17 had high mean estimates of 
biological cover at 0L3 ranging from 10 to 22% while Stations 18 through 21 had 
low mean estimates varying from 1.3 to 3.5%. Similar to OL1, no stations had 
intermediate estimates of biological cover at OL3.
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Descriptive Taxa 

Descriptive organisms, in addition to elucidating temporal and spatial pat
terns of variation, may be indicative of subtle, specialized habitats, and pro
vide insight to localized environmental influences. Descriptive organisms are 
defined as the numerically abundant organisms (i.e., the five most abundant orga
nisms per survey) as well as those organisms which, by means of their abundance 
patterns or functional adaptations, may be indicative of the local habitat types 
(e.g. stable cobble, sand scour areas).  

The percent biological cover estimates for descriptive organisms sampled at 
Station-pair 12-13 during each survey period appear in Table 5B-17. Sessile 
invertebrates represented the majority of the mean biological cover at each 
station. The red alga Rhodymenia spp. and two sessile invertebrates, uniden
tified hydroids and Muricea californica, were the three most abundant organisms 
based on mean percent cover during the 1978-1979 sampling period at Station 12.  
Rhodymenia and the sessile invertebrates, Muricea californica and unidentified 
erect ectoprocts, were usually ranked 1, 2, or Tduring the same sampling periods 
at Station 13. Mean percent cover estimates of unidentified crustose corallines, 
unidentified hydroids, encrusting ectoprocts, Parvosilvosa, and Rhodymenia were 
similar between stations. Abundances of encrusting ectoprocts observed at 
Station 12 exhibited an increasing trend through time with maximum percent cover 
recorded during the July 1979 survey while no discernible temporal variation was 
present at Station 13. Differences in sessile invertebrate abundances between 
Stations 12 and 13 were also observed. Muricea californica was observed in 
greater abundances at Station 13 than at Station 12 during each survey, however, 
temporal variation at either station was not apparent. Unidentified erect 

Table 5B-17. Biological cover (%/6 m2 ) and rank order of abundance (value in parentheses) of the descriptive taxa 
sampled at the offshore cobble Station-pair 12/13.  

Station 12 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 

Crustose corallines, unident. 3(8) (7.5) 11 (5.5) 9 () 6 (7) 11 (6) 7.8 
Rhodymenia spp. 49 2 39 1 26 ( 28 2 22 2.5) 33.2 
__________ (2 1) 35 '1R 6'2)8'' 2'5 

P arvocsilvosa 25 (3) 14 (5) 8 (7) 6 (8) 17 (4) 6 (7) 12.7 
maroc tis spp. 53 1 25 2 11 5.5) 10 6 1 8 0 8 16.7 
Hydroids, unident. 8 (5.5) 20 (4) 25 (2) 33 (1) 15 (5.5) 22 (2.5) 20.5 
Muricea californica 23 (4) 22 (3) 21 (3) 19 (4) 15 (5.5) 16 (5) 19.3 

Ectoprocts, unident. (encr.) 8 (5.5) 12 (6) 13 (4) 20 (3) 26 (3) 24 (1) 17.2 

Ectoprocts, unident. (erect) 5 (7) 7 (7.5) 10 (6) 13 (5) 29 (1) 19 (4) 13.8 

Total biological cover (%) 191.7 157.3 147.3 159.3 168.3 150.0 
Cover, descriptive taxa (%)* 174.0 146.0 134.0 136.0 137.0 120.0 

Percent (%)** 90.8 92.8 91.0 85.4 81.4 80.0 

Station 13 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 

Crustose corallines, unident. 8 (7) 13 (6) 8 (6.5) 7 (6.5) 7 (7) 12 (6) 9.2 

Rhodymenia spp. 29 (2) 29 (2) 21 (2.5) 15 (4) 27 (3) 21 (3) 23.7 
Parvosilvosa 11 (6) 15 (5) 8 (6.5) 7 (6.5) 9 (6) 8 (7) 9.7 

Macrocystis spp. 4 (8) 3 (8) 1 (8) 0 (8) 1 (8) 0 (8) 1.5 

H s, unident. 16 (3) 12 (7) 16 (4) 31 (2) 16 (5) 14 (5) 17.5 

Muricea californica 37 (1) 42 (1) 41 (1) 40 (1) 36 (2) 36 (1) 38.7 

Ectoprocts, unident. (encr.) 12 (5) 17 (4) 11 (5) 13 (5) 17 (4) 17 (4) 14.5 

Ectoprocts, unident. (erect) 14 (4) 21 (3) 21 (2.5) 26 (3) 38 (1) 24 (2) 24.0 

Total biological cover (%) 165.7 173.0 150.7 167.0 195.7 163.7 
Cover, descriptive taxa (%)* 131.0 152.0 127.0 139.0 151.0 132.0 
Percent (%)** 79.1 87.9 84.3 83.2 77.2 80.6 

Total percent cover contributed by the descriptive taxa.  
** Percent of the total biological cover accounted for by the descriptive taxa.
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ectoprocts occurred in greater abundances at Station 13 during each survey with 
maximum percent cover recorded during the July 1979 sampling period at both 
stations. Individuals of subadult Macrocystis spp. were considerably more abun
dant at Station 12 until the July 1979 survey when they decreased to abundance 
levels similar to those found at Station 13 throughout all surveys.  

The descriptive taxa at Station-pair 14-15 during the 1978-1979 sampling 
period were represented mostly by algae (Table 5B-18). The four most abundant 
organisms based upon mean percent cover and rank during each sampling period at 
this station-pair include Parvosilvosa, Rhodymenia, unidentified crustose 
corallines, and Pterygophora californica. Temporal variation of the algal 
complex of Cryptonemia/Halymenia/Schizymenia, the brown alga Desmarestia spp., 
and Pterygophora californica at Station-pair 14-15 was evident. Percent cover 
estimates of Cryptonemia/Halymenia/Schizymenia were greatest during the August 
1978 sampling periods when these organisms were dominant at both stations.  
Desmarestia also exhibited maximum abundance at Station 15 during August 1978.  
Percent cover estimates recorded during subsequent surveys revealed that abundan
ces of these organisms had decreased substantially. Only Desmarestia exhibited 
comparatively high abundance at Station 14 during the April 1979 survey.  
Abundance estimates of Pterygophora were lowest during the initial three surveys 
at both stations. Significantly greater abundances were recorded during sub
sequent surveys at both stations (t-test, P < 0.01). This suggests that either 
successful recruitment had occurred or plants attached to small cobble had been 
transported to the area. Two other kelp species, Macrocystis spp. and Laminaria 
spp., were also noted at Station-pair 14-15 and showed no discernable temporal 
pattern.  

Table 5B-18. Biological cover (%/6 m 2 ) and rank order of abundance (value in parentheses) of the descriptive taxa 
sampled at the offshore cobble Station-pair 14/15.  

Station 14 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 

Crustose corallines, unident. 15 (3) 12 (2) 16 2) 11 (4.5) 11 (4) 19 (3) 14.0 
Cryptomenia/Halymenia/Schizymenia 33 (2) 0 9.5) 0 9.5) 1 8.5 3 (6.5) 2 (7) 65 
Rhodymenia spp. 13 (4) 11 (3) 7 (4) 11 (4.5) 15 (3) 17 (4) 12.3 
Parivosa 67 (1) 63 (1) 59 (1) 60 (1) 61 (1) 53 (1) 60.5 
Desmarestia spp. 8 (5) 6 (4.5) 0 (9.5) 25 (3) 1 (9) 0 (9.5) 6.7 
Laminaria spp. 0 (10) 5 (6) 10 (3) 0 (10) 0 (10) 0 (9.5) 2.5 
Macrocystis spp. 2 (7.5) 6 (4.5) 6 (5) 8 (6) 8 (5) 10 (5) 6.7 
Pterygophera californica 2 (7.5) 0 (9.5) 1 (7.5) 28 (2) 44 (2) 40 (2) 19.2 
Ectorts, unident. (encr.) 5 (6) 3 (7) 4 (6) 1 (8.5) 3 (6.5) 1 (8) 2.8 
Ectoprocts, unident. (erect) 1 (9) 1 (8) 1 (7.5) 3 (7) 2 (8) 4 (6) 2.0 

Total biological cover (%) 177.7 133.3 124.7 178.3 181.3 178.0 
Cover, descriptive taxa (%)* 146.0 107.0 107.0 148.0 148.0 146.0 
Percent (%)** 82.1 80.2 85.8 83.0 81.6 82.0 

Station 15 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 

Crustose corallines, unident. 7 (4.5) 11 (4) 16 (2) 12 (3) 11 (5) 16 (3) 12.2 Cryptomenia/lalymenia/Schizymenia 31 (3) 0 (10) 0 (10) 2 (7) 12 (3.5) 1 (7.5) 7.7 
Rhodymenia spp. 6 (6) 16 (3) 9 (3) 8 (5) 12 (3.5) 13 (4) 10.7 
Parvos7lvosa 62 (1) 70 (1) 52 (1) 69 (1) 70 (1) 58 (2) 63.5 
Desmarestia spp. 46 (2) 27 (2) 7 (5) 1 (9) 1 (9.5) 1 (7.5) 13.8 
Laminarla spp. 3 (7) 5 (7) 3 (8) 3 (6) 1 (8.5) 0 (9) 2.5 
Macrocystis spp. 1 (9.5) 10 (5) 4 (7) 9 (4) 5 (6) 4 (5) 5.5 
Ptery-gophora californica 7 (4.5) 5 (7) 8 (4) 16 (2) 41 (2) 60 (1) 22.8 
Ectoprocts, unident. encr. 2 5 (7) 5 1 3 7.5 1 7.5 2.8 
Ectoprocts, unident. (erect) 1 (9.5) 2 9 2 1 9 3 75 1 7.5 1.7 

Total biological cover (%) 202.3 171.0 134.7 142.0 185.7 171.3 
Cover, descriptive taxa (%)* 169.0 151.0 114.0 .123.0 159.0 155.0 
Percent (%)** 83.5 88.3 84.6 86.6 85.6 90.4 

* Total percent cover contributed by the descriptive taxa.  
** Percent of the total biological cover accounted for by the descriptive taxa.
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Table 5B-19. Biological cover (%/6 m2 and rank order of abundance (value in parentheses) of the descriptive taxa 
sampled at the offshore cobble Station-pair 16/17.  

Station 16 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 

Crustose corallines, unident. 32 (2) 24 (3) 12 (4) 20 (4) 15 (4) 12 (4) 19.2 
Hildenbrandia prototypus 1 (7) 3 (5.5) 1 (7.5) 1 (7) 1 (8) 1 (6.5) 1.3 
Pterocladia/Gelidium 1 26 2 2 5 28 5 25 32:0 
Rhodymenia spp.84 194 25 52 2 fl 2 3 53 12 

Parvosilvosa 33 (1) 50 (1) 43 (1) 42 (1) 35 (2) 40 (1) 40.5 
Pterygophora californica 31 3) 39 (2) 23 (3) 25 (2) 38 (1) 28 (2) 30.7 
Hydroids, unident. 4 (5) 0 (9) 1 (7.5 1 (7) 1 (8) 1 (6.5) 1.3 
Ectoprocts, unident. (encr.) 1 (7) 3 (5.5) 1 (7.5 0 9 2 (6) 0 (8.5) 1.8 
Ectoprocts, unident. (erect) 0 (9) 1 (8) 1 (7.5) 1 (7) 1 (8) 0 (8.5) 0.7 

Total biological cover (%) 121.0 149.0 122.3 121.0 143.0 118.7 
Cover, descriptive taxa (%)* 111.0 141.0 113.0 113.0 125.0 111.0 
Percent (%)** 91.7 94.6 92.4 93.4 87.4 93.5 

Station 17 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 

Crustose corallines, unident. 33 (2) 16 (3) 23 (3) 18 (3) 9 (4) 17 (3) 19.3 
Hildenbrandia prototypus 6 (5) 6 (5) 7 (5) 5 (5) 2 (8) 4 (5.5) 5.0 
Pterocladia/Gelidium 3 (75) 3 (6) 13 6 3 (6) 14 1 6 14 (5.5) 3.3 
Rhodymenia spp. 10 (4) 13 4 3 4 1 4 (4) 14.2 
Parvosilvosa 32 (3) 43 (2) 40 (2) 39 (2) 30 (2) 29 (2) 35.5 
Pterygophora californica 72 1 82 (1 85 1, 93 1, 90 1 95 1) 62 
Hydroids, unident. 3 (7.5) 1 (8.5) 2 () 2 (7) 3 (7) 0 (8) 1.8 
Ectoprocts, unident. (encr.) 4 6) 2 (7) 1 85 0 (9) 1 (9) 0 (8) 13 
Ectoprocts, unident. (erect) 2 (9) 1 (8.5) 1 (8.5) 1 (8) 5 (5) 0 (8) 1.7 

Total biological cover (%) 175.0 175.0 182.0 183.0 177.3 184.0 
Cover, descriptive taxa (%)* 165.0 167.0 175.0 172.0 163.0 168.0 
Percent (%)** 94.3 95.4 96.2 94.0 91.9 91.3 

* Total percent cover contributed by the descriptive taxa.  
* Percent of the total biological cover accounted for by the descriptive taxa.  

Table 5B-20. Biological cover (%/6 m2 ) and rank order of abundance (value in parentheses) of the descriptive taxa 
sampled at the offshore cobble Station-pair 18/19.  

Station 18 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 

Crustose corallines, unident. 26 (3) 24 (2) 42 (2) 33 (2) 29 (2) 21 (2) 29.2 
Coeloseira/Champia 4 (4.5) 3 (5.5) 1 (8) 3 (4.5) 1 (6.5) 2 (6.5) 2.3 
Rhodymenia spp. 3 7 2 5) 1 75) 3 7 38 
ParvosTlvsa 33 1 77(1 52 (1) 63 (1) 70 76 1 61:8 
Astran iasp 3 (7) 9 (3)) 5 (3.5) 5 (3) 1(6.5) 4 (4.5) 4.5 
T78rNRi§! undent. 27 (2) 1 (7.5 2 (6.5) 3 (4.5) 1 (6.5) 4 (4.5) 6.3 
Muricea californica 1 (8) 1 (7.5) 3 (5) 2 (6) 4 (3) 2 (6.5) 2.2 
Etc1procts, unident. (encr.) 3 (7) 3 (5.5) 5 (3.5) 1 (7.5) 1 (6.5) 1 (8) 2.3 
Ectoprocts, unident. (erect) 4 (4.5) 0 (9) 0 (9) 0 (9) 0 (9) 0 (9) 0.7 

Total biological cover (%) 119.3 131.0 121.3 115.7 142.3 143.3 
Cover, descriptive taxa (%)* 104.0 125.0 112.0 111.0 110.0 117.0 
Percent (%)* 87.2 95.4 92.3 95.9 77.3 81.6 

Station 19 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 

Crustose corallines, unident. 28 (2 ) 29 (2) 35 (2) 32 (2) 30 (2) 25 (2) 29.8 
Coeloseira/Champia 1 (7) 1 (7.) 1 (75) 1 (7 1 (75) 2 6)5) 12 
Rhodyeenia spp. 1 (7.5) 1 (7.5) 1 (7.5) 17 3 5 5 ( 0 
Par vos a 54 (1) 64(1) 61 (1) 60 (1) 61 (1 62 1 60:3 
Astrang ia spp. 4 (5) 6 (3) 4 (41 3 (4.S) 1 (7.5) 3 (5) 3.5 
18 Tfs, unident. 14 3 2 5) 2 6 11 3) 4 (4) 2 6.5) 5.8 
Muricea californica 4 (5) 2 (5.5) 4 (4) 3 (4.5) 5 (3) 4 (4) 3.7 
Ectoprocts, unident. (encr.) 4 5 5 (4) 4 (4) 1 (7) 2 (6) 1 (8) 28 
Ectoprocts, unident. (erect) 0 (9) 1 (9) 0 (9) 0 (9) 0 (9) 0 (9) 0.2 

Total biological cover (%) 118.7 117.7 118.3 122.3 117.3 113.0 
Cover, descriptive taxa (%)* 110.0 111.0 112.0 112.0 107.0 104.0 
Percent (%)** 92.7 94.3 94.7 91.6 91.2 92.0 

* Total percent cover contributed by the descriptive taxa.  
** Percent of the total biological cover accounted for by the descriptive taxa.
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Abundance estimates of descriptive taxa observed at Station-pair 16-17 appear 
in Table 5B-19. As noted at Station-pair 14-15, algae were dominant with the 
same abundant taxa including Parvosilvosa, Rhodymenia, unidentified crustose 
corallines, and Pterygophora. Pterygophora exhibited Tittle temporal variation 
and accounted for an average of 40 and 85% of the total biological cover recorded 
at Stations 16 and 17, respectively. The overstory of Pterygophora at Station 17 
may affect other organisms by shading a large portion of the sampling area. Low 
percent cover estimates and lack of temporal variation characterized the 
encrusting red alga Hildenbrandia prototypus, the algal complex Pterocladia/ 
Gelidium, unidentified hydroids, and encrusting and erect ectoprocts were 
observed at Station-pair 16-17. The presence of Hildenbrandia and Pterocladia/ 
Gelidium at Station-pair 16-17 may be indicative of the relatively high relief 
consisting of stable boulders interspersed with pockets of sand characteristic of 
these two stations.  

Descriptive organisms at Station-pair 18-19 exhibited remarkably similar mean 
percent cover abundance estimates (Table 5B-20). Parvosilvosa was the dominant 
taxon in terms of percent cover at both stations during all surveys. With the exception of comparatively low abundance estimates of Parvosilvosa during the 
August 1978 sampling period at both stations, no temporal variation of biological 
cover was discernible for any descriptive organism at Station 18 or 19. Although 
the number of descriptive invertebrate taxa was larger than the number of algal 
taxa, percent biological cover contributed by sessile invertebrates was con
siderably less.  

Abundance estimates of the descriptive organisms sampled at Station-pair 20-21 during the 1978-1979 sampling period are presented in Table 5B-21. The 
mean percent cover of each descriptive taxon was similar between stations 

Table 5B-21. Biological cover (%/6 m2 ) and rank order of abundance (value in parentheses) of the descriptive taxa 
sampled at the offshore cobble Station-pair 20/21.  

Station 20 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 
Crustose corallines, unident. 1 (7.5) 3 (7) 1 (7) 1 (7.5) 2 (7) 1 7.5) 1.5 Rhodymenia spp. 5 (5.5) 4 (6) 8 (4) 2 (6) 5 6 8 4) 5.3 Parvosil1vosa 6 (4) 7 () 26 (1) 15 () 12 () 18 (2) 14.0 Hydroids, unident. 10 1 18 1 11 3 24 1 21 1 24 1 180 
Muricea californica 5 (5.5) 8 (3.5) 18 (2) 11 (4) 8 (4) 10 (3) 10.0 

spp. 1 (7.5) 1 (8) 0 (8) 19 (2) 1 (8) 1 (7.5) 3.8 Ectoprocts, unident. (encr.) 7 (3) 8 (3.5) 6 (6) 1 (7.5) 6 (5) 5 (6) 5.5 Ectoprocts, unident. (erect) 9 (2) 9 (2) 7 (5) 8 (5) 11 (3) 6 (5) 8.3 

Total biological cover (%) 60.0 72.0 85.7 98.0 87.3 89.7 Cover, descriptive taxa (%)* 44.0 58.0 77.0 81.0 66.0 73.0 
Percent (%)** 73.3 80.6 89.8 82.7 75.6 81.4 

Station 21 
1978 1979 

Descriptive Taxa Aug Oct Feb Apr Jul Oct Mean Cover (%) 
Crustose corallines, unident. 2 (7) 1 (7.5) 3 (7) 0 (8) 1 (8) 0 (7.5) 1.2 Rhodymenia spp. 4 (6) 6 (6) 4 (6) 3 (7) 9 (5.5) 5 (5.5) 5.2 Parvosilvosa 10 (3) 23 (1) 17 (1.5) 20 (2) 13 (3) 15 (3) 14.7 Hydroids, unident. 9 (4) 15 (2.5) 17 (1.5) 21 (1) 19 (1) 35 (1) 19.3 Muricea californica 13 (1) 15 (2.5) 11 (3) 16 (3) 16 (2) 16 (2) 14.5 TI~ispp. 0 (8) 1 (7.5) 1 (8) 9 (5) 2 (7) 0 (7.5) 2.2 
Ectoprocts, unident. (encr.) 1? (2) 10 (4) 6 (5) 5 (6) 9 (5.5) 5 (5.5) 6.2 Ectoprocts, unident. (erect) 8 (5) 9 (5) 9 (4) 11 (4) 12 (4) 11 (4) 10.0 

Total biological cover (%) 72.7 91.7 90.0 98.0 98.0 106.0 
Cover, descriptive taxa (%)* 58.0 80.0 68.0 85.0 81.0 87.0 Percent (%)** 79.8 87.2 75.6 86.7 82.7 82.1 

* Total percent cover contributed by the descriptive taxa.  
** Percent of the total biological cover accounted for by the descriptive taxa.
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suggesting a relatively homogeneous area. In contrast to the other station-pairs 
except Station-pair 12-13, sessile invertebrates accounted for over twice as much 
mean biological cover as did algal taxa. The numerically dominant organisms at 
both stations included Parvosilvosa, Muricea californica, and unidentified 
hydroids. Distinct temporal variation of estimates of percent biological cover 
at Station-pair 20-21 was not evident for most of the descriptive taxa.  

Dominant Organisms 

The presentation of distribution and abundance data of dominant organisms 
sampled by the 0.125 m2 sampling technique was restricted to six organisms for 
the following reasons: (1) these six organisms occurred at every station during 
every survey, and (2) rigorous statistical comparison of the abundance patterns 
of these organisms provides an effective method to evaluate habitat variability 
as a function of spatial differences within the San Onofre area.  

Three algal assemblages, Rhodymenia spp., Parvosilvosa, and unidentified 
crustose coralline algae, and three sessile invertebrate groups, unidentified 
erect and encrusting ectoprocts, and unidentified hydroids, were the dominant 
organisms. No dominant organisms showed significant temporal variation with 
regard to percent cover estimates. In addition, all station-pairs exhibited less 
within station-pair variability than between station-pair variability.  

The mean percent cover estimates of Rhodymenia spp. at each offshore cobble 
station is presented in Figure 5B-5a. Maximum percent cover was observed at 
Station-pair 12-13 (33.8) with significantly lower estimates noted at the other 
offshore cobble station-pairs (ANOVA, P < 0.001). Percent cover of Rhodymenia at 
Station-pair 16-17 (14.9) was greater than at neighboring station-pairs as well 
as at Station-pair 20-21.  

Abundance estimates of Parvosilvosa demonstrated distinct spatial differences 
among station-pairs (Figure 5B-5b). Similar mean percent cover estimates of 
Parvosilvosa were observed at Station-pairs 14-15 (58.8), 16-17 (38.3), and 18-19 
(56.8). These were significantly greater (ANOVA, P < 0.001) than the mean values 
at Station-pairs 12-13 (12.8) and 20-21 (17.1). The lower mean percent cover 
estimates at Station-pair 16-17 compared to neighboring stations may be asso
ciated with the Pterygophora overstory at Station 17.  

Mean percent cover of unidentified crustose coralline algae recorded at each 
station-pair during the 1978-1979 sampling period appears in Figure 5B-5c. A 
distinct increasing gradient is apparent from Station-pair 12-13 (15.7%) to 
Station-pair 18-19 (44.9%) where the maximum mean cover of unidentified crustose 
coralline algae was recorded. Statistical comparison of percent cover estimates 
of crustose coralline algae among all station-pairs revealed a significant dif
ference with the lowest estimates recorded at Station-pairs 12-13 and 20-21 
(ANOVA, P < 0.001).  

Unidentified encrusting and erect ectoprocts exhibited different abundance 
patterns among groups of station-pairs (Figures 5B-5d and e). Greatest mean per
cent cover of encrusting and erect ectoprocts were always recorded at Station
pairs 12-13 and 20-21. Within the San Onofre Kelp area, comparatively low 
percent cover estimates of encrusting and erect ectoprocts were observed at 
Station-pairs 16-17 and 18-19, respectively. Independent statistical comparisons 
of percent cover estimates of encrusting and erect ectoprocts revealed that the 
abundance patterns of each taxon were significantly different among groups of 
station-pairs (ANOVA, P < 0.001).
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Figure 5B-5a-f. Mean percent cover estimates and 95% confidence intervals of abundant organisms (a - f), 
sampled at each offshore cobble station-pair during the 1978-1979 sampling period. Each data 
point represents 48 observations using the 0.125 m 2 sampling strategy. Triangle and hemispheres 
on station axes indicate location of SONGS Units 1, 2, and 3, respectively.
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Mean percent cover estimates of unidentified hydroids are presented in Figure 
5B-5f. Abundance patterns of this taxon were similar to unidentified ectoprocts 
(Figure 5B-5d and e). Maximum percent cover of hydroids was recorded at Station
pair 20-21 (18.0) in contrast to Station-pair 12-13 where maximum cover of 
encrusting and erect ectoprocts was observed. Percent hydroid cover was low at 
Station-pair 12-13 (8.8) with lesser abundances of hydroids recorded at Station
pairs 14-15, 16-17, and 18-19. Statistical comparison of percent cover estimates 
of unidentified hydroids revealed a significant difference among stations with 
highest mean values observed at Station-pairs 12-13 and 20-21 (ANOVA, P < 
0.001).  

In general, sessile invertebrate cover was consistently highest at Station
pairs 12-13 and 20-21 where the lowest mean estimates of crustose coralline algae 
and Parvosilvosa were consistently recorded. Rhodymenia did not exhibit a spa
tial abundance pattern consistent with any of the other dominant organisms.  

Classification Analysis 

Inverse and normal classification tables were generated to identify organisms 
or groups (clusters) of organisms associated with specific stations and/or sur
veys using data collected by the 6.0-m2 sampling technique. Station-pairs always 
clustered together and formed five distinct groups, independent of surveys, which 
demonstrated no well defined temporal variation (Figure 5B-6). Station-pairs 
14-15 and 18-19, located upcoast and downcoast of the diffuser lines, formed 
Groups D and C, respectively. These were the most similar groups of stations 
clustering at an intermediate similarity level. Station Group B consisting of 
Station-pair 12-13 was linked to Station Groups C and D at a lower level of 
similarity. Station-pairs 16-17 and 20-21 formed Groups A and E, respectively, 
which exhibited low similarity compared to all other groups.  

The organisms sampled at each station group exhibited less distinctive 
clustering. Five taxa groups were formed which showed both strong and weak affi
nity with the five station groups (Figure 5B-6). Taxa Groups 1 and 2 formed the 
most ubiquitous taxa assemblages at most stations during the 1978-1979 sampling 
period. These taxa included eight and one, and three and seven algal and inver
tebrate species, respectively. Station Group A corresponded with Taxa Group 1 
which consisted of Pteryphora californica, Bossiella spp., Pterocladia/ 
Gelidium, and Che Stati on Group B showed a similar affinity 
with Taxa Group 2 which was characterized by dominant sessile invertebrates 
including unidentified hydroids and ectoprocts, and Muricea californica.  
Unidentified hydroids were also dominant at Station Group E as was the solitary 
coral Astrangia spp. at Station Group C. The distinctive lack of association of 
organisms in Taxa Group 5 with Station Group A may be partially associated with 
the sweeping motion of Pterygophora blades.  

Organisms in Taxa Groups 3 and 4 exhibited comparatively low or no affinity 
with most station groups. Macrocystis spp. and Laminaria spp. occurred with 
greater frequency and abundance at Station Group D. Pterygophora was associated 
with Taxa Group 1 and Station Group D. Taxa Group 5 consisted of 10 taxa 
including seven motile invertebrates and three algae which exhibited com
paratively strong and weak affinities for Station Groups B and E, respectively.  
Unidentified poriferans exhibited a limited distribution as they were only 
observed in notable abundances at Station Groups B and D. Strongylocentrotus 
franciscanus exhibited a limited distribution restricted to Station Groups B, C, 
and D.
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operation of Unit 1 or the construction of Units 2 and 3 (SCE 1979d). Moreover, 
detailed interpretation of this continuous monitoring data suggested that the 
subtidal benthic community in the vicinity of the San Onofre Nuclear Generating 
Station is strongly influenced by physical factors related to natural nearshore 
dynamics. To examine these processes and their influence on the hard substrata 
benthos, this section is divided into two major components. First, the direct 
effect of the physical factors including substrata stability and light on com
munity structure are discussed. Next, biological interactions with these factorF 
as well as organism interactions and community structure are discussed. These 
components are then summarized.  

PHYSICAL FACTORS 

Substrata stability 

The weather during the 1979 sampling period was relatively mild in comparison 
to 1978. Nearshore storm activity, abnormally high rainfall, and significant 
terrestrial drainage during the first three months of 1978 resulted in a signifi
cant impact on the nearshore cobble habitat. These impacts include the rapid and 
extensive burial of large expanses of cobble substratum near the Unit 1 discharge 
and approximately 8 km downcoast of the generating station (SCE 1979d). This 
burial resulted in the local extinction of a dominant red alga, Rhodymenia spp., 
at two stations (3 and 4) through the 1979 sampling period (Tbe -10), and 
resulted in the mass mortality of the chestnut cowry, Cypraea spadicea, at Barn 
Kelp forest (SCE 1979d, 1980c).  

The lack of intense nearshore meteorological disturbances during 1979 pro
vides a qualitative comparison of the effects of the significant physical distur
bance on the subtidal cobble habitats noted during 1978. Generally, those 
inshore sampling areas which were covered with sand during early 178 are still 
predominantly sand (Table 5B-3). Although slight erosion of sand may have 
occurred during 1979, significant erosion was not detected at the inshore cobble 
stations which were covered with sand during 1978 (SCE 1980c). A review of five 
years of substrata composition data for the eight stations initially located and 
sampled on the inshore 10-m isobath between 1975 and 1978 (LCMR 1975g, SCE 1979a) 
indicated that during early 1978 at least six of these original inshore cobble 
stations were covered with sand (SCE 1979d). These stations were re-established 
at new locations on similar substrata and included two reference stations in Zone 
6 and the kelp station at Barn Kelp. During the third and fourth quarterly 
sampling periods of 1978 all stations were sampled; however, no biological data 
were collected at three stations (3, 4, and 7) because of extensive sand accre
tion (SCE 1979d). Considering the 1979 substrata composition data in addition to 
the 1978 observations, it may be concluded that sand accretion due to unusually 
adverse meteorological or oceanographic conditions may occur rapidly while 
natural erosion of sand to the original substrata takes at least two years and 
probably longer (SCE 1980c).  

Comparison of the data collected at the offshore kelp stations reveals the 
presence of a relatively heterogenous assemblage of benthic communities. The 
structure of these communities appears to be primarily a function of substrata 
composition and stability, and secondarily a function of competitive interactions 
among organisms. Substrata composition is most consistent at Station 9 where 
hard substrata estimates are the highest and vary less than 5% among annual sur
vey periods (Table 5B-4, SCE 1979d). The composition and stability of the 
substrata may contribute to the greater mean diversity (number of taxa) and maxi
mum number of individuals observed in comparison to the other offshore kelp sta
tions during 1979 (Tables 58-6, 12).
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Instability of the cobble substratum in the San Onofre Kelp area has been 
strongly suggested by comparison of the ages of Muricea colonies near Barn Kelp, 
San Onofre Kelp, and San Mateo Kelp (SCE 1979d). Areas which are inhabited by 
young and sparse colonies in comparison to areas with dense aggregations of older 
colonies are probably characterized by an environment of greater physical insta
bility (Grigg 1975). Although some areas in the San Onofre vicinity demonstrate 
long term stability, the sampling areas surrounding the offshore San Onofre Kelp 
stations and the offshore cobble stations exhibit varying degrees of substrata 
instability (SCE 1979d).  

All offshore stations located in the vicinity of the San Onofre Kelp forest 
have exhibited in the past, and continue to be characterized by high abundance 
estimates of crustose coralline algae and Parvosilvosa (Table 5B-13, Figure 
5B-5b,c, SCE 1979d). The relative dominance of crustose coralline algae and 
Parvosilvosa in the San Onofre Kelp forest vicinity may represent a functional 
adaptation to unstable areas which periodically are subjected to sand scour 
and/or burial. For example, encrusting coralline algae may undergo burial for 
three to four months and still exhibit a pinkish color indicative of health (SCE 
1979d). If hard substrata are available after substantial sand scouring, 
crustose algae may act as rapid colonizers (Johansen and Austin 1970). In some 
instances encrusting coralline algae have been observed to grow faster and over 
colonies of encrusting ectoprocts at the sand-rock margin of boulders (Gordon 
1972). In general, it would appear that areas which are characteristically domi
nated by crustose coralline algae have been exposed to a continuing disturbance.  
Although the nature of the disturbance appears to be sand scour or burial, the 
presence of hidden or cryptic sea urchins not counted during sampling periods may 
also be a contributing factor.  

These characteristic patterns of crustose coralline algae abundance have been 
reported in other studies, however, the predominant abundance patterns were 
related to intensive biological disturbance by sea urchins (Paine and Vadas 1969, 
Lubchenco 1978, Pearse and Hines 1979, Vance 1979). Observations and data 
collected from the offshore kelp stations located in San Onofre Kelp tend to sup
port the hypothesis that comparatively high abundance estimates of encrusting 
coralline algae are related to the general physical instability of the San Onofre 
area. In fact similar observations regarding frequent sand scouring and an asso
ciated understory consisting mainly of encrusting coralline algae have been made 
at the Del Mar Kelp forest located approximately 50 km downcoast of San Onofre 
Kelp bed (Rosenthal, Clarke, and Dayton 1974, Grigg 1975).  

The conspicuous absence or low abundance of kelp plants at the offshore San 
Onofre Kelp stations during the 1979 sampling period may also be related to 
instability of the substrata (SCE 1980c). The presence of sediment cah alter the 
chemical and physical microenvironment of settling Macrocystis spores and prevent 
development (Devinny and Volse 1978). Additionally, development of spores may be 
interrupted by attachment to sand grains, burial, or, if attached to substrata, 
may be damaged by scouring action (Devinny and Volse 1978). Because Station 10 
and Station-pair 18-19 have been found to be subject to more sand scour than 
other kelp stations, it is hypothesized that recruitment of Macrocystis has been 
inhibited by the physical microenvironment (sand scour). Dredging activity con
ducted during 1978 and 1979 may have contributed to sedimentation resulting in 
reduced Macrocystis recruitment at San Onofre Kelp (Chapter 7, this volume).  
However, abundance estimates of sand cover at San Onofre Kelp during 1978 and 
1979 have not demonstrated an increase in sand substratum (SCE 1979d, SCE 
1980b,c). Reduced Macrocystis recruitment at San Onofre Kelp may therefore have 
resulted from the scouring action of suspended sediment due to dredging activi
ties and not from burial of hard substrata.
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The instability of small cobble may also result in mortality of juvenile 
Macrocystis plants. As developing plants become larger, they exert a greater 
upward lift due to pneumatocysts filled with gas. Once the combination of 
currents and upward lift overcome the weight and inertia of the substratum, the 
attached plant may drift in the water column and be lost to the kelp forest, 
tangled with other kelp plants, or be damaged by abrasion with other cobbles 
(Rosenthal, Clarke, and Dayton 1974). Sand scour as well as physical burial can 
cause juvenile plant mortality. This was noted at the Del Mar Kelp forest south 
of the San Onofre area (Rosenthal, Clarke, and Dayton 1974). Factors including 
sand scour, alteration of the microenvironment around developing spores and 
cobble abrasion may be partially responsible for the lack of development and per
sistence of adult Macrocystis plants in, and in the vicinity of San Onofre Kelp 
forest offshore of SONGS.  

Light 

Expansion of the Macrocystis canopy over San Mateo Kelp stations occurred 
between the February and July 1979 sampling periods. This provided an oppor
tunity to evaluate the effect of shading on a hard bottom community when a 
substantial portion of sunlight is obscured by a kelp canopy. The most obvious 
effect was the significant reduction in abundances of Parvosilvosa, Rhodymenia, 
and to a lesser extent, Pterocladia/Gelidium during later surveys at San Mateo 
Kelp (Table 5B-13, 17). Similar observations have been made by investigators in 
other kelp forests. The reduction of light by overstory Macrocystis has been 
found to inhibit the growth of understory plants resulting in the bottom flora 
appearing "conspicuously sparse" (Neushul 1971). Additionally, controlled field 
experiments in a Macrocystis forest in southern California demonstrated that 
light reduction may have a greater effect on basement story algae than does com
petition for available hard substrata with sessile invertebrates (Foster 1975b).  

Reduction of a substantial portion of light reaching the bottom has a dra
matic effect on algal growth. As noted above, because of significant shading, 
areas under dense Macrocystis surface canopies are not conducive to the develop
ment of most algae (Anderson and North 1966, Neushul 1971, Pearse and Hines 
1979). Similar shading effects may also be associated with kelp which grow to 
heights of one to two meters above the bottom. Pterygophora california and 
Laminaria spp. are two kelps that may grow to these heights and shade portions 
of the bottom.  

The redistribution of naturally turbid bottom by the operation of SONGS Unit 
1 and dredging activities associated with construction of SONGS Units 2 and 3 
also increased turbidity over a localized area (SCE 1980a). Biological effects 
of a reduction in light reaching the bottom due to this increased turbidity were, 
however, not demonstrable at any of the benthic sampling stations during the 1979 
sampling period.  

BIOLOGICAL INTERACTIONS 

Macrocystis and Lytechinus Interaction 

It is well established that urchins of the genus Strongylocentrotus can alter 
the standing crop as well as contribute significantly to the decline of 
Macrocystis forests (Leighton, Jones, and North 1965; North 1971, 1974; Mattison 
et al. 1977; Pearse and Hines 1979). Densities of Strongylocentrotus and the 
white urchin Lytechinus have been recorded at all kelp stations since 1975. Only 
Lytechinus has occurred in mean densities greater than 25 individuals/m during 
this Time. Although feeding preference studies with Lytechinus (Lytechinus 
anamesus) have indicated-a primary preference for red algae, the secondary choice
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was Macrocystis (Leighton 1966). When preferred food items become rare, food 
item ectivity may disappear (Leighton 1966). Foliose red algae including 
Rhodymenia and the Pterocladia/Gelidium complex were not abundant at Station 10 
during the 1979 sampling period (Table 58-13). The lack of abundant fleshy red 
algae at Station 10 and Station-pair 18-19 suggests that in addition to sand 
scour, intensive foraging by Lytechinus may also be partially responsible for the 
lack of Macrocystis recruitment and foliose red algae noted at all other offshore 
kelp and cobble stations (Table 5B-13, 17 through 21).  

Temporal and Spatial Variation 

Distinct temporal or seasonal variation in organism abundance or recruitment 
patterns has not been detected at any inshore or offshore sampling area since 
these studies began in 1975. The lack of identifiable temporal variation within 
or among calendar years and the ubiquitous nature of recruitment patterns 
observed during most sampling periods may be considered typical of the dominant 
components of the subtidal community. This is not to conclude that the subtidal 
environment in the study areas is static. The significant reduction in the sur
face area of the San Onofre kelp canopy between March and September of 1976 and 
the extensive burial of large expanses of cobble habitat during the first four 
months of 1978 are examples of significant changes which occurred over a rela
tively short period of time (LCMR 1977b, SCE 1979d). On a smaller scale, the 
effects of canopy shading on understory algae, although highly localized, have 
been immediately apparent at San Mateo Kelp where abundance estimates of several 
species or groups of red algae decreased significantly after the appearance of a 
dense kelp canopy (Table 58-13, 17).  

In contrast to the lack of identifiable temporal variation, spatial differen
ces within the study area are both distinct and predictable. The magnitude of 
the spatial differences appears to be closely related to community stability as 
influenced by natural physical disturbances. For example, the inshore cobble 
stations are located in a dynamic area where they experience greater bottom 
turbulence, sand scour, cobble abrasion, and greater impacts from terrestrial 
drainage associated with storms than the offshore stations (SCE 1979d).  

Although the cobble stations near the Unit 1 discharge and those located 
downcoast are separated by about 8 km, no significant difference in abundances of 
hard substrata or number of taxa was detected. This indicates that exposure to 
the dynamic physical environment along the inshore isobath resulted in greater 
community similarity. The offshore cobble communities are located in a more 
stable and less dynamic environment. Thus, with occasional disturbance that is 
variable in both space and time, these offshore areas appear to exhibit a more 
immediate and long term response to physical or biological disturbances. This is 
substantiated by the distinct differences among the offshore cobble stations 
discussed below.  

All offshore cobble stations located in the San Onofre Kelp area exhibited 
significantly greater mean percent algal cover than sessile invertebrate cover 
(Table 5B-18 through 20, Figure 5B-5a-c). In contrast, offshore stations outside 
of the San Onofre Kelp area exhibited significantly greater mean sessile inver
tebrate cover (Table 5B-17 and 15, Figure 5B-5d-f). However, the dominance of 
sessile invertebrates at these stations appears to be related to different 
factors. Data collected at Station 12 during August 1978 revealed that algae 
were present in significantly greater abundance than were sessile invertebrates.  
The percent cover of sessile invertebrates increased through time until it was 
greater than algal cover (Tables 5B-16 and 17). The gradual expansion of the 
kelp canopy over the Station 12 sampling area appears to have reduced the quan
tity and quality of light sufficiently to give the sessile invertebrate popula
tions a competitive advantage.
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The abundance of sessile invertebrates at Station-pair 20-21, however, may be 
related to its position on a large expanse of sand. The fine sand surrounding 
this cobble habitat is easily suspended by ocean waves. This often results in a 
turbid layer of suspended sediment up to 3-m thick covering the bottom. The 
suspension of fine sand at these stations, however, does not appear to result in 
a clogging or scouring action as evidenced by the high abundances of erect ecto
procts and hydroids. Low percent cover of algae may be attributed to low light 
and the resultant inability to successfully compete with the established com
munities of erect and encrusting ectoprocts and hydroids which occupy a substan
tial portion of the hard substrata (Table 5B-21, Figures 5B-5d-f). Sessile 
invertebrates can grow over small developing algae, probably feed on algal 
spores, and at the very least, prevent spore settlement thus limiting benthic 
primary productivity (Foster 1975b). In addition, algal recruitment to this area 
from other hard substrata regions may be poor by virtue of the isolation of 
Station-pair 20-21. The nearest area of substantial hard substrata is Barn Kelp 
which is located approximately 1.5 km downcoast of Station-pair 20-21. The pre
dominant direction of currents in this area flow past Station-pair 20-21 and 
towards Barn Kelp (Berry 1977). Motile fish predators including the 
"picker-type" fish (in sensu Bray and Ebeling 1975) are not common in the 
Station-pair 20-21 area, but, barred sand bass, Paralabrax nebulifer, are com
monly observed. These fish forage mostly on smaller fish and motile inver
tebrates and not on sessile ectoprocts (Quast 1968). Thus, the general lack of 
fish predation on sessile invertebrates and the isolated location of Station-pair 
20-21 probably contributes to the dominance of sessile invertebrate populations.  

The community structure and algal abundance patterns observed at the stations 
offshore SONGS (Station-pairs 14-15, 16-17, 18-19) suggest that those factors 
which limit the abundance of sessile invertebrate populations are not the same at 
each station-pair. The abundance patterns of crustose coralline algae and 
Parvosilvosa at the stations immediately offshore of SONGS (Figure 5B-5h,c) 
appear to represent a gradient which integrates the effects of physical and 
biological perturbations. These patterns are similar to the dominance patterns 
of these organisms at the offshore San Onofre Kelp stations. It appears reaso
nable that sand scour, turbidity, shading, predation, and cobble abrasion are the 
factors controlling these patterns (Table 5B-18,19,20, SCE 1979d).  

Light probably plays a significant role in structuring even small areas of 
benthic communities. The significantly lower estimates of Parvosilvosa at 
Station-pairs 14-15 and 18-19 are probably associated with the heavy overstory of 
Pterygophora which shades much of the sampling area (Figure 5B-5). The lower 
estimates of crustose coralline algae at Station-pair 14-15 suggest this area, in 
comparison to Station-pairs 16-17 and 18-19, is subject to substantially less 
sand scour. Additionally, many "picker-type" fish are observed in the general 
area during sampling efforts. Some of these fish species are probably associated 
with a nearby Macrocystis forest, foraging near interface areas of existing or 
developing kep (Chapter 6B this volume, Love and Ebeling 1978). The presence of 
fish and other motile predators may function to reduce the kinds and numbers of 
sessile invertebrates.  

Community Classification-Offshore Cobble Stations 

The distinctive clustering of all offshore cobble station-pairs independent 
of time emphasizes the magnitude of community heterogeneity observed in the 
sampling areas (Figure 5B-6). The general stability of each area is also 
reflected in the abundances of specific organisms. The station groupings 
resulting from classification analysis suggest that Station-pairs 14-15 and 18-19 
are most similar with regard to community structure (Figure 5B-6). These 
station-pairs are located in areas with unstable substrata and are subject to
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sand scour and cobble abrasion. Crustose coralline algae and Parvosilvosa are 
most abundant at these stations (Figure 5B-6). In contrast, Station-pairs 12-13, 
16-17, and 20-21 exhibit less similarity while the abundance and distribution of 
organisms observed at these station-pairs suggest that the substrata at these 
stations are comparatively more stable. Several organisms occur more frequently 
at Stations 12 and 13 than at other stations. One of these organisms is the 
holothurian Parastichopus parvimensis that is found between boulders and cobbles.  
The habitat favored by Parastichopus includes areas where surge is minimized.  
The more frequent occurrence of Parastichopus at Station-pair 12-13 may he 
related to the greater stability of cobbies and boulders and moderated surge con
ditions associated with the San Mateo Kelp forest. The consistenly high abun
dance of Pterygophora californica at Station-pair 16-17 may be indicative of the 
stability of the hard substrata at this area. Numbers of individual adult plants 
at these stations during all surveys ranged from 3 to 9 and 17 to 24 at Stations 
16 and 17, respectively (SCE 1980b). The variability associated with these 
ranges, as previously noted, is related to juvenile plants that are moved in and 
out of the sampling areas by water motion.  

The community classification analysis using site and species co-occurrences 
suggests certain suites of organisms are closely related to the environmental 
statiblity of the sampling area. The rather distinct site-species groupings 
(Figure 5B-6) supports the general hypothesis, at least in part, that the San 
Onofre Kelp forest consists of a heterogenuous assemblage of communities as a 
result of differing substrata types and physical stability.  

Summation 

An evaluation of the quantitative data collected at all sampling locations 
strongly suggests four principal factors are responsible for the structure of 
benthic communities in the vicinity of the San Onofre Nuclear Generating Station.  
These factors, not necessarily in the order of importance are; depth, substrata 
stability, light intensity and quality and biological interactions. These fac
tors are all related and exhibit various influences on community structure 
depending on localized stability of the area as well as the physical and biologi
cal heterogeneity of the environment. The integration of these factors as a 
function of depth on community structure is more predictable and more pronounced 
on the nearshore isobath. Biological parameters of communities at stations 
located in the offshore areas appear to represent gradients of variable physical 
and biological factors.  

The physical factor of sand scour is most pronounced and probably the struc
turing factor at Station 10 and Station-pair 18-19. Cobble abrasion and shading 
by overstory perennial plants are significant factors influencing the community 
structure at Stations 22, 23, and Station-pair 16-17. This is supported by the 
abundance estimates of Pterygophora californica and other laminarians which ex
hibit temporal changes in density due to the movement of plants attached to small 
cobbles in and out of sampling areas. The area surrounding Station-pair 14-15 
appears to be more influenced by biological factors, including the removal of 
sessile invertebrates by predators, which may result in the development of more 
foliose algae. At Station-pair 12-13 the reduction of light by the overstory 
kelp canopy appears to have been the factor which led to the preponderance of 
sessile invertebrate populations. In contrast, Station-pair 20-21 was also domi
nated by sessile invertebrates but apparently for a different reason (bottom 
turbidity, reduced light). The isolated position of the station-pair on a plain 
of sand probably resulted in poor recruitment of hard substrata inhabiting orga
nisms from nearby areas. Additionally, the lack of predators on sessile inver
tebrates at this station may give sessile invertebrates a competitive advantage.
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Generally, the area offshore of the generating station is controlled by the phy
sical factors of sand movement and cobble abrasion. The other areas appear to be 
more influenced by biological interactions mediated by natural changes in light.  

Similar to the findings of previous studies (SCE 1979d), analyses of the 1979 
data suggest that none of the hypothesized controlling factors (i.e., light, 
biological interactions, sand scour) at the stations surveyed were influenced by 
the operation of Unit 1 or the construction of Units 2 and 3. No ecological 
effects associated with the operation of Unit 1 or the construction of Units 2 
and 3 were discernible at these stations during the 1979 sampling period.  

SUMMARY 

A detailed analysis of the 1979 data and a comparison with data collected in 
1975, 1976, 1977, 1978 indicated the following.  

INSHORE 10-m COBBLE HABITAT 

1. Comparison of substrata composition at the inshore cobble stations during 
five years of monitoring indicates that sand accretion due to unusually 
adverse meteorological or oceanographic conditions may occur rapidly during a 
short period of time (e.g., three months). Displacement of sand resulting in 
the exposure of the original cobble habitats will take at least two years and 
probably longer.  

KELP FOREST COBBLE HABITAT AND OFFSHORE 14-m COBBLE HABITAT 

1. The structure of the offshore kelp forest cobble communities appear to be 
primarily a function of substrata composition and stability, and secondarily 
a function of competitive interactions among organisms.  

2. Expansion of the San Mateo Kelp canopy over biological stations occurred be
tween February and July 1979. This provided a natural experiment to evaluate 
the effect of shading on hard bottom communities. The most obvious effect 
was the significant reduction in abundances of the algal assemblage 
Parvosilvosa and the red alga Rhodymenia spp.  

3. San Onofre Kelp Stations (10 and 22), and offshore cobble in the vicinity of 
SONGS (Station-pairs 14-15, 16-17, and 18-19) appear to be continually 
disturbed by physical sand scour as evidenced by comparatively high abundance 
estimates of crustose coralline algae.  

4. Instability of movable cobbles probably resulted in the mortality of juvenile 
Macrocystis plants in the vicinity of San Onofre Kelp (Stations 22 and 23) 
and offshore SONGS (Station-pairs 14-15 and 16-17).  

5. In addition to intensive sand scour at San Onofre Kelp Station 10, intensive 
foraging by the small white urchin, Lytechinus spp., may also be partially 
responsible for the lack of Macrocystis recruitment and development of 
foliose red algae at this station.  

6. All offshore cobble stations located in the San Onofre Kelp area (Stations 14 
through 19) exhibited significantly greater mean percent algal cover than 
sessile invertebrate cover. In contrast, stations in the upcoast and down
coast reference areas (Station-pairs 12-13 and 20-21) both exhibited signifi
cantly greater mean sessile invertebrate cover.
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7. The abundance patterns of crustose coralline algae and Parvosilvosa at 
offshore cobble stations in the vicinity of SONGS (Station-pairs 14-15, 
16-17, and 18-19) appear to represent a gradient which integrates the effects 
of physical and biological perturbations. These patterns are similar to the 
dominance patterns of these organisms at some offshore San Onofre Kelp 
stations (10, 22, and 23). It appears reasonable that sand scour, turbidity, 
shading, predation, and cobble abrasion are the factors controlling these 
patterns.  

GENERAL 

1. An evaluation of the quantitative data collected at all sampling locations 
strongly suggest four principal factors are responsible for the structure of 
benthic communities in the vicinity of the San Onofre Nuclear Generating 
Station. These factors, not necessarily in the order of importance, are 
depth (which influences water motion and light), substrata stability, light 
intensity, and biological interactions.  

2. Analyses of the data suggest that none of the hypothesized controlling fac
tors (i.e., light, biological interactions, sand scour) were influenced by 
intakes. No long-term ecological effects associated with the operation of 
Unit 1 or the construction of Units 2 and 3 were discernible at the inshore 
cobble stations, the kelp stations or the offshore cobble stations during the 
1979 sampling period.  
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CHAPTER 6 

FISH 

INTRODUCTION 

Observations and interpretation of nearshore fisheries investigations at 
the San Onofre Nuclear Generating Station include: a) nearshore and entrained 
ichthyoplankton at Unit 1; b) density and distribution of adult fishes in the 
receiving waters; c) estimates of fish impingement at Unit 1; and d) an examina
tion of the sport-fishery resource near San Onofre. The integration of fishery 
data is designed to facilitate discussion of potential effects of San Onofre 
operation on the nearshore fish population structure.
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ICHTHYOPLANKTCN 

INTRODUCTION 

This was a special study of the Units 2 and 3 preoperational monitoring 
program. The objectives were to: 1) provide baseline data on the distribution 
and abundance of larval fishes near San Onofre; and 2) estimate larval fish 
entrainment at San Onofre Unit 1 to determine the relationship between larval 
concentrations in the nearshore San Onofre area and the operational Unit 1 
intake. This relationship was examined to determine potential changes in near
shore ichthyoplankton populations induced by plant operation.  

MATERIALS AND METHODS 

NEARSHORE SAMPLING 

Three depth strata of the water column were sampled for ichthyoplankton.  
Surface samples were taken with. a Manta net (Brown, 1979) designed to sample 
the upper 14 cm of the water column (Figure 6A-1). The mouth was rectangular 
with an area of 0.13 m2 (0.86 x 0.15 m). The filtering ratio, or filtering 
area to mouth area, was designed to meet the special requirements of each net 
employed in the study (Table 6A-1). For the Manta Net, a theoretical ratio, R, 
was calculated from a desired collection volume and the fixed mouth area. The 
theoretical R or filtering ratio was calculated as: 

logl 0 R = .38 loglo V -.17 

where V was volume filtered and A was mouth area. This equation, from Smith et 
al. (1968), was for nearshore or "green water", where clogging was more likely, 
as opposed to offshore "blue water", where clogging was less likely. Calculations 
were based on a porosity of 0.46 associated with 333 micron Nitex mesh. Since the 
actual R (filtering area/mouth area), equals the theoretical R, nearshore net 
clogging mas rarely expected. The objective was 85% filtering efficiency. Based 
on 215 m , the theoretical R of the Manta Net was 11.30 (Table 6A-1 . The 
actual R of the Manta Net was 13.48, with a total mesh area of 3.19 m . The 
cylinder and cone areas were 1.91 m2 and 1.28 m2 , respectively. The Manta 
Net mouth was mounted with both General Oceanics (GO) and Tsurumi Seiki (TSK) 
flowmeters. The target volume for the Manta net was 100 m3 .  

The midwater sampling device was a paired 0.6 m opening-closing Bongo net 
(McGowan and Brown 1966), with a combined mouth area of 0.57 m2 (Figure 6A-1).  
The theoretical R, based on 260 m3 for each net, was 9.04 (Table 6A-1). The 
actual R was 9.33, with 7.83 m2 of total mesh area. The cylinder was 5.44 m2 

and the cone 2.39 m2 . A GO flowmeter was mounted in each Bongo Net. Net depth 
was monitored via a deck readout Hydroproducts Model 902 Bathykymogra h mounted 
on the net frame. The combined target volume of the Bongo net was 400 m .  

The epibenthic sampling device (Auriga; Mitchell unpublished) was designed 
to sample over rock or cobble terrain within 21 cm of the bottom (Figure 6A-1).  
The mouth was rectangular (2.0 x 0.5 m) with an area of 1 m2 . The theoretical 
R, based on 400 m3 , was 6.60 (Table 6A-1). Actual R was 6.70, with a total mesh
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area of 14.35 m2 . The cone area was 
5.74 m2 and the cylinder 8.61 m2. Both 
GO and TSK flowmeters were mounted in 
the Auriga mouth. The target volume of 
the Auriga net was 400 m3.  

Towed net samples (Table 6A-2) 
were taken from three depth strata at 
three stations designated 12, 13, and 
14 (Figure 6A-2). Station 12 initiated 
at the Unit 1 intake and continued 
upcoast (NW) along the intake isobath 
(8 m). Station 13 initiated offshore 
at the intersection of the projected 
line of the Unit 1 intake and the 
midpoint of the Unit 3 discharge 
conduit (10 m). Station 14 was located 
along the projected Unit 1 intake 
line at the midpoint of the Unit 2 
discharge diffuser (14 m).  

From August through December 1977 
(Table 6A-2) one replicate with each 
sampling gear was taken at each 
station during day and night. The of 733 
Bongo Net sampled at three depths (1, 
3, and 6 m at Station 12; 1, 3, and 7 
m at Station 13; and 1, 5, and 10 m at 
Station 14). Figure 6A-1. Sampling gear employed for nearshore 

ichthyoplankton collections.  
Stations 12 and 14 were sampled 

only at night in January 1978 (Table 6A-2). Five replicates of each gear type 
were collected at Station 12, and one replicate at Station 14. Station 13 was not 
sampled.  

In February 1978 (Table 6A-2), four replicate samples were collected only at 
night at Stations 12 and 14.  

In March 1978 (Table 6A-2) sampling protocol was finalized. Nearshore 
sampling transects were adopted that paralleled the Units 2 and 3 discharge 
diffuser conduit (Figure 6A-2). Two transects ranging from 8 to 11 m (Treatment 
1) and 12 to 15 m (Treatment 2) in depth, and 762 m in length, were sampled. A 
reference area located beyond the projected region of influence of the generating 
station intake and discharge was established north of San Mateo Point (Figure 
6A-2). The reference area (5.8 km 
upcoast) was similar to the nearshore Table 6A-1. Theoretical and actual filtering ratios 
area in the vicinity of the generating andmouthareasofnettypes.  
station in contour and bottom compo- Manta Bongo Auriga 
sition, and in the proximity of a kelp 
bed downcoast of the transects. Two RA 13.48 9.33 6.70 
transects 762 m in length (Reference 1 Mouth Area (m2) 0.13 0.57 1.00 
and 2, designated C-1 and C-2) were 
established in the reference area at the same depths as those sampled in the 
treatment area. Four replicate tows were collected with each gear type at 
each of the four stations.  

All net collections were made with 333 micron mesh and preserved in 4% 
buffered Formalin-seawater.
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Table 6A-2. lchthyoplankton sampling regime.  
Nearshore 

Replicates 
Year Month Stations Periods /Track Comments 

1977 Aug-Dec 12, 13, 14 Day, Night 1 Longshore transects in treatment area 

1978 Jan 12, 14 Night 5 @ 12 Station 13 eliminated 
1 @ 14 Day sampling eliminated 

Feb 12, 14 Night 4 

1978-79 Mar-Jul T1 - T2 Nearshore transects in treatment and 

Cl - C2 Night 4 reference areas 

Intake 

Pumping 
Replicates Duration 

Year Month Periods /Period (min) Comments 

1977 Aug-Sep Day, Night 4 60 1 m standpipe 

Oct Day, Night 4 60 3 m standpipe 

Nov Day, Night 8 30 Shorter pump duration resulted in 
less larval damage 

1978 Jan Day 1, Day 2 8 day 30 Day period split 
Night 8 night 

1978-79 Feb-Jul 2 Day, 2 Night 4 30 24 total samples in 6 periods 

Crepuscular 

Beginning in March 1978, temperature and conductivity of the water column 
were measured using a Martek Mark II water quality profiler.  

INTAKE SAMPLING 

Samples of entrained ichthyoplankton were pumped from the intake riser 
of San Onofre Unit 1 (Figu re 6A-2) using a centrifugal whorl Nielsen Model NCH 
Fish Pump rated at 227 m hr- 1 at 2 m head. The pump discharge was directed 
over the side of the vessel and was equipped with a Dacron sleeve that flared 
from 25.4 cm to 1 m diameter at the point of attachment to the filtering net.  
The net was 333 micron Nitex mesh and remained submerged during sampling. The 
actual R (filtering area/mouth area) of the Fish Pump Net was 4.26, with a total 
mesh area of 7.32 m2 . The cylinder and cone areas were 4.39 m2 and 2.93 m2 , 
respectively.  

Intake samples were initially collected via a 1 m metal standpipe projecting 
through a manhole in the velocity cap (Figure 6A-3). The standpipe was lengthened 
to 3 m in October 1977 to ensure effective sampling of incoming water.  

From August through October 1977 (Table 6A-2) samples were continuously 
pumped for four hours during both day and night. To reduce physical damage 
to the collected larvae retained within the net, the four one-hour periods were 
modified to eight half-hour intervals in November 1977.  

In January 1978 (Table 6A-2) the day sampling period was divided into two 
independent periods, and half-hour samples were pumped for two distinct two-hour 
periods. Half-hour night samples were pumped from 2100 to 0100 PST.  

In February 1978 (Table 6A-2) the sampling regime was modified to include 
24 half-hour pump samples with four morning and four afternoon samplings during 
the day, and four evening and four pre-dawn samplings at night. Four half-hour 
samples were collected during both the sunrise and sunset crepuscular periods.  
This sampling regime was interrupted only in March 1978 when the intake hose was 
temporarily unusable, and September 1978 when the generating station was not 
operational.
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Intake samples were filtered 
through a 333 micron mesh net and 
preserved with 4% buffered Formalin
seawater. Volumes of water pumped were 

Surace determined by a GO Model 2030 flow
meter mounted in the intake hose.  

REPRESENTATIVE INTAKE SAMPLING 
POSITION 

A sampling point within the intake 
riser system which represented a 
compl etely mi xed sample of all the 
water drawn into the intake was 
required. If an intake sample were 
biased by neuston, midwater, or 
epibenthic plankton components, then 
the interpretation of results would be 
erroneous. At San Onofre, it was 
demonstrated that water entering the 
intake may originate above the thermo
cline (Kinney 1977 unpublished); thus, 
influencing plankton withdrawal at the 

Floor discontinuity layer.  

In August 1977 a permanent stand
pipe extending into the vertical 
conduit was installed in the Unit 1 
riser to sample entrained ichthyo
plankton. This position was thought to 
provide a non-biased biologically 
representative sample. However, dye 
studies are required to determine the 
location of completely mixed intake 
waters before biological assumptions 
may be tested for validity. Prelim
inary dye studies at San Onofre Unit 1 
(Kinney unpublished) indicated that 

Figure6A-3. Standpipe and velocity cap con- the point of homogeneous mixing could 
figuration. be located as far as 10 to 15 m 

downstream in the horizontal conduit.  
The onshore screenwell and adjacent upstream conduit were shown not to be repre
sentative sampling sites (Barnett unpublished) because ichthyoplankton concen
trations were substantially reduced at this point as compared to intake riser 
samples.  

Once the point of homogeneous mixing was determined, simultaneous plankton 
samples from the standpipe and the completely mixed location were required 
to evaluate if biological differences are detectable. A comparison study 
(Schlotterbeck et al. 1979b) between the theoretical mixing point and the initial 
sampling position (3 m standpipe through the velocity cap) was conducted in 
August 1978 by placing two Nielsen Fish Pumps on a single vessel and pumping 
samples simultaneously from the standpipe and the projected mixing point (Kinney 
1977 unpublished), 15 m within the horizontal intake conduit. The theoretical 
mixing point inside the intake conduit was sampled by a specially constructed 
Intake Unidirectional Diverter (IUD). The IUD was designed to reduce sampling 
bias associated with differential water velocity, turbulence, and conduit wall 
effect. Thirty-two replicates of 100 m3 were collected over a 24 hr period to 
evaluate the effectiveness of both the IUD and existing standpipe. The standpipe
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was selected as the most biologically representative sampling device because it 
more effectively collected zooplankton and ichthyoplankton samples and was easier 
and safer to install and retrieve than the IUD while thegenerating station was 
in operation. A Wilcoxon matched pairs signed-ranks test applied to ten size 
classes of fish larvae (3 mm increments from 0 to 30 mm) indicated no statistical 
difference for black croaker and white croaker in the standpipe and IUD; however, 
the standpipe was significantly more effective in collecting northern anchovy and 
queenfish. The IUD was not as effective as the standpipe in collection of larvae 
smaller than 9 mm.  

LABORATORY PROCESSING 

Field samples were sorted in the laboratory with dissecting microscopes.  
Sample size reduction, where necessary, was accomplished by Folsom Splitter 
(McEwen et al. 1954). Auriga net samples were occasionally treated with a 1.2 x 
(H20) density MgSO 4 solution (Watson unpublished) to facilitate the separa
tion of plant debris from the plankton portion of the sample.  

Processing procedures generally followed those proposed by Smith and 
Richardson (1977), and permanent fixation followed Ahlstrom (1976). All larvae 
were sorted, identified, and enumerated. Eggs were sorted and enumerated as 
anchovy and other. A resort of all initially sorted samples resulted in a 
recovery rate greater than 99% for eggs and larvae.  

TARGET SPECIES SELECTION 

Certain fish species received substantially more analyses than others.  
These species were referred to as target species, and criteria established for 
their selection included: 1) importance in the local trophic structure (either 
as planktivorous, piscivorous, or benthic feeders; and, importance as a food 
source); 2) presence in the study area with at least minimal abundance during 
most periods of the year to lend statistical integrity to analyses; 3) subjec
tivity to high degrees of entrainment and impingement during most of their 
life history; and 4) utility as indicator species which, if adversely impacted, 
may demonstrate general communal effects. Based on these criteria, chosen target 
species were northern anchovy (Engraulis mordax), white croaker (Genyonemus 
lineatus) and queenfish (Seriphus politus).  

RESULTS AND DISCUSSION 

NEARSHORE LARVAL DISTRIBUTION 

The species addressed below include the three target species northern 
anchovy, white croaker, and queenfish, and additional taxa, which were considered 
important because of their general abundance or value as commercial or sport 
fish. Ichthyoplankton raw data are presented in Volume II, Biological Data (SCE 
1980).  

Northern Anchovy 

Larvae of the northern anchovy, the most abundant species collected, 
occurred during all months of the ichthyoplankton survey. Maximum abundance 
was recorded between February and April of 1978-79. Secondary peaks occurred 
during September 1977, December 1978, and July 1979 (Figures 6A-4, 5, and 6).  
Northern anchovy was least abundant in neuston samples, comprising only 9 
to 10% of the total catch, and most abundant in epibenthic samples. During the 
major spawning periods (8 of the 24 months sampled) northern anchovy larvae were 
more abundant in oblique samples from the Bongo net (referred to hereafter as
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Figure 6A-4. Offshore concentrations of northern anchovy at Stations 12, 14, T1, and 
T2.  

midwater) than epibenthic samples. This increase was directly related to the 
appearance of newly hatched larvae in the upper water column. Either as the 
result of sinking or migration, the cohort of newly hatched larvae was rapidly 
incorporated into the epibenthos resulting in a return to the "normal" vertical 
distribution of northern anchovy within the study area.
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There was no consistent distributional pattern of northern anchovy larvae.  
However, the larvae were generally more abundant in the neuston at Station 
T1, whereas the midwater and epibenthic areas had maximum concentrations at 
Station C2.  

An examination of an eight month summary of Southern California Bight 
data (Brewer et al. unpublished) indicated that northern anchovy larval concen
trations in the San Onofre area were similar to that reported for the area from 
San Diego to Ventura. Northern anchovy densities increased from the inshore to 
offshore areas.  

The median length class of northern anchovy in neuston samples fluctuated 
between 0-3 and 6-9 mm throughout the year, except during late spring and early 
summer of both 1978 and 1979, when an absence of small larvae resulted in medians 
near 24 mm. During these months, median lengths in neuston collections were 
larger than in midwater or epibenthic samples, which shared similar, though less 
dramatic increases during the same period. Median length classes in midwater 
samples were slightly larger than those observed in neuston collections during 
the latter part of the main spawning period. Median lengths in epibenthic samples 
were consistently in the 9 to 21 mm range, decreasing during winter in response 
to spawning.  

The variability of the median length in neuston samples was highly dependent 
on spawning events, whereas variability in epibenthic samples was low, with 
median values changing gradually over the year. The median size class within the 
length-frequency distribution reflected spawning activity in that the lowest 
median lengths corresponded to high concentrations of small larvae taken from the 
neuston and midwater. Intermediate size classes (10 to 21 mm) of anchovy were 
collected in neuston samples only during winter or spring months of high larval 
abundance. Anchovy larvae appeared to migrate from the neuston to the epibenthos 
soon after hatching, but returned to the neuston after reaching lengths of 
approximately 20 mm (3 to 5 weeks).  

White Croaker 

White croaker were present in the plankton throughout most of the year, 
although the larvae generally were rare from June through October. Maximum 
concentrations were recorded from January through April in 1978 and from January 
through March in 1979 (Figures 6A-6, 7, and 8).  

Larval white croaker were vertically stratified. Neuston samples contained 
approximately 4% of the larvae, whereas 83% of the larvae were collected from 
the epibenthic layer. Because a majority of the white croaker yolk sac larvae 
occurred in the neuston, and newly hatched yolk sac larvae often may not be 
taxonomically separated from other species, they were combined into a single 
group designated unidentified yolk sac larvae. This group was mainly comprised of 
white croaker and queenfish.  

The affinity of white croaker larvae for the epibenthos was related to 
developmental strategy. The larvae hatch at or near the surface and begin to sink 
or migrate downward, a process completed during the early larval stage.  

White croaker larvae were generally more abundant in the neuston at Stations 
TI and C2. Larvae in the midwater were clearly more abundant at Stations T2 
and C2, whereas in the epibenthic layer, larvae were more abundant at Stations TI 
and C1. This distribution was related to the age of the larva. Size frequency 
data indicated that older white croaker larvae were collected in the epibenthos, 
whereas younger larvae were collected in the midwater. Once the larva reached 
the epibenthic layer, there was an apparent inshore migration.



6A-11 

White Croaker 

KEY: 
Station 12.  T Station 14, T1,T2 

10 3- NIeht Onl 

- Midwater 

Epibenthic 

I li 

Meia a, Meia 

I // 

it _ I i 

I/ / 

0o.- WhRe Croaker 

10V1 

10\ 

L/\ 

70 -I I \ 

10 

o t STN. 14 T 

0 AUG SEP OCT NOV DEC JAN FEB MlAR :PR M.:' JUNE JULY AUG SEP OCT NOV D*EC JAN FEB MAR APR MAY JUNE JULY 
1977 - 1978 - 17 

SURVEY MONTH 

Figure 6A-7. Offshore concentrations of white croaker at Stations 12, 14, T1, and T2.  

The Southern California Bight investigation (Brewer et al. unpublished) 
indicated that white croaker larval densities increased offshore to the 22 m 
isobath. These data corresponded closely to the water column distribution of 
larvae observed in the present investigation, and suggested that the SONGS study 

area was located between two high density areas of white croaker larvae. High 
dennsity areas included San Dieao, Del Mar, Seal Beach, and Plava Del Rev.
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Figure 6A-8. Offshore concentrations of white croaker at Stations C1 and C2.  

queenfish 

The third target species, queenfish (a croaker), was present in the plank
ton from February through December. Maximum concentrations occurred during July 
and August, with major density peaks in March and April 1978 (Figures 6A-6, 9, 
and 10).
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F igure 6A-9. Off shore concentrations of queenf ish at Stations 12, 14, T1 and T2.  

The vertical distribution of queenfish larvae in the midwater was similar to 
that reported for white croaker with an increase of larval densities with depth, 
which reflected the developmental strategy of the species..  

Distributional data indicated an onshore and epibenthic movement of the 
larvae with age. In the neuston, larval density was highest at Stations T2 and 
C2. Density patterns in the midwater were not as pronounced as those in the 
neuston, although a general pattern of higher density at Stations T1 and C1 was 
present. Epibenthic densities were highest at Stations T1 and C1.
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A comparison of the data from the present study with that collected through
out the Southern California Bight (Brewer et al. unpublished) indicated that 
queenfish larvae were generally concentrated along the 15 and 22 m contours, a 
pattern that differed with that observed at SONGS. Bight data suggested that 
SONGS was located in an area of reduced larval queenfish density as compared to 
areas north and south of SONGS.  

Neuston collections of larval white croaker and queenfish were generally 
dominated by individuals of the two smallest size classes (0 to 3 and 3 to 6 mm).  
Distributions of these species in midwater samples followed the same trend.  
Median length frequency values in epibenthic samples were consistently the
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highest observed for these two species; however, values for each species fluc
tuated, exhibiting lowest medians during peak spawning periods, and highest 
medians near the end of the spawning season. Differences in the seasonal vertical 

distribution for the two species were noted in the upper water column. The 
absence of queenfish larvae in the neuston during the summer, and very low 
concentrations in the midwater compared to the epibenthos during the same period, 

may have been due to the formation of the thermocline restricting eggs from the 

upper water column prior to hatching. White croaker larvae were more abundant 
in 

the midwater during the winter, when the water column was well-mixed.  

California Halibut 

The California halibut, Paralichthys californicus, is a common member of 
the demersal ichthyofauna of southern California and an important sport and 
commercial fish. Taxonomic problems in separating preflection larvae of Cali
fornia halibut from those of fantail sole (Xystreurys liolepis), led to the 
formation of the combined taxon Paralichthys/ Xystreurys. All postflection 
larvae collected in the SONGS investigation were California halibut.  

California halibut larvae were present in the plankton throughout the year 
with maximum density recorded from November through March. The larvae were 
usually uncommon in the neuston samples. Preflection and early postflection 
larvae were normally more abundant in the water column, whereas the more advanced 

postflection larvae were concentrated in the epibenthos. The highest density of 
larvae occurred at Stations T2 and C2 in all vertical strata.  

Bight-wide data (Brewer et al. unpublished) suggested that the SONGS study 
site was located on the northern perimeter of a major concentration of California 
halibut larvae, which was centered off San Diego. To the north was a second major 

high density region centered off Seal Beach. Both centers were located offshore 
of major harbors and bays that were suspected nursery grounds for the species 
(Haaker 1975).  

Cheekspot Goby (Gobiidae Type A) 

The family Gobiidae was one of the most speciose taxonomic groups collected 
during the study. Although not generally as abundant as the three target species, 

Ilypnus gilberti was common, especially between November and April, and was 
normally concentrated in the water column and epibenthic regions of the inshore 
stations.  

Atherinidae 

Atherinid larvae were a major ichthyoplankton component throughout the 
survey. All three species were combined because of the difficulties encoun
tered in taxonomic separation during the first year of the program. The grunion, 
Leuresthes tenuis, was present in the plankton from February through November 
1979, while the jacksmelt, Atherinopsis californiensis, occurred between October 
and June. The topsmelt, Atherinops affinis, occurred rarely, only during the 
summer months.  

Approximately 90% of the atherinid population was collected from the neus
ton. The majority of the remaining larvae were taken in the midwater samples.  
Larvae from the epibenthic samples probably represented a contamination when the 
Auriga net was lowered from the surface.  

Atherinid larvae were most abundant at Station Ti, and least abundant 

at Stations Cl and C2. The surface layer distribution of atherinids may have 
been, in part, caused by construction activities in the San Onofre vicinity.
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Field observations suggested that atherinid larvae were attracted to light during 
night. Illumination from the construction trestle and the SONGS Units 2 and 3 
construction site may have artificially concentrated atherinid larvae near 
Station T1.  

Blennies 

Blenny larvae of the species Hypsoblennius gentilis, H. gilberti, and 
H. jenkinsi were taxonomically inseparable, and therefore were combined as 
Hypsoblennius spp. Larvae larger than 10 mm SL were primarily H. jenkinsi, 
suggesting that they also comprised the majority of larvae under 10 mm. Blenny 
larvae were a common component of the ichthyoplankton community during the summer 
and fall months, and were collected almost entirely from the neuston and water 
column. Larvae greater than 12 mm were not collected, suggesting that larger 
individuals have probably assumed the cryptic adult habitat.  

In the neuston, larval blennies were most abundant at Stations Cl and C2, 
with maximum density at Station C2. No distinct distributional pattern was 
apparent in midwater samples, and maximum density was recorded at Stations C2 and 
Ti.  

California Corbina 

The California corbina, Menticirrhus undulatus, ranked as the eighth most 
abundant larval species entrained by SONGS Unit 1, even though it was a minor 
component of the nearshore ichthyoplankton community. The species is important as 
a sport fish.  

Corbina appeared in the plankton from August through November, with a single 
occurrence in March 1978. With the exception of the March sampling period, all 
corbina larvae were collected from the midwater. The species was not suffi
ciently abundant (except August 1978) to detect a vertical distribution pattern.  

SEASONAL OCCURRENCE OF NEARSHORE LARVAE 

A majority of the common taxa occurring off San Onofre were collected 
throughout most of the year. The taxa included northern anchovy and various 
members of the families Sciaenidae, Gobiidae, Atherinidae, Blenniidae, Bothidae, 
Clinidae, and Pleuronectidae.  

Northern anchovy was the only species collected during all 24 monthly 
sampling periods, and one of the few species exhibiting major abundance peaks 
more than once during the year. The northern anchovy larval population increased 
substantially from February through April and again, one or more times, between 
July and December. Other taxa with a similar temporal distributional pattern 
included the cheekspot and the bay gobies. The peak occurrence of the remaining 
taxa was restricted to a one to three month period, even though they may have 
occurred sporadically throughout most of the year.  

Sciaenids, one of the two major groups of larvae collected, displayed 
several temporal patterns. White croaker, one of two abundant sciaenids, was a 
cold water form reaching maximum density during January through March, while 
queenfish, the second major sciaenid larva, reached peak abundance during the 
warm water months of July through September. -Two minor sciaenids in terms of 
abundance, black croaker and corbina, were generally most abundant in the 
spring or early summer months.
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San Mateo Kelp Bed 

The substrate associated with the SMK bed was almost entirely high density 
(60 to 100%) cobble and boulders throughout 1979 (Figure 7-4).  

Availability of suitable substrate appears to have limited outward expansion 
of the SMK canopy. During all four surveys, the outer perimeter of the canopy 
occurred in the cobble-boulder-sand interface (Figure 7-4).  

The major areas of the canopy never completely covered the inner area of the 
kelp bed in 1979 even though suitable substrate was apparently available. The 
change in configuration of the kelp canopy between each survey suggests that 
these areas were inhabited by Macrocystis plants, but the plants were not part of 
the canopy.  

San Onofre Kelp Bed 

The kelp canopy of the SOK bed was also associated almost entirely with a 
substrate of 60 to 100% cobble and boulder. The area of cobble-boulder substrate 
increased substantially from April to July 1979 and then changed very little 
between July and February 1980 (Figure 7-5).  

The outward expansion of the kelp canopy also appears to have been related 
to the availability of suitable substrate during 1979. The outer edge of the 
canopy during the April, July, and November surveys corresponded closely to the 
cobble-boulder-sand interface or areas of high sand content. In February 1980, a 
majority of the downcoast cobble-boulder substrate was lacking canopy.  

Barn Kelp Bed 

The substrate of BK was composed of a high percentage of sand throughout the 
survey period. In the April survey, the 60 to 100% cobble and boulder substrate 
was restricted to a few relatively small areas scattered throughout the study 
area. Beginning in July and continuing through February 1980, a major section of 
the cobble and boulder substrate appeared in the offshore-downcoast region of the 
Barn kelp. This region of Barn kelp supported most of the canopy recorded during 
the survey period (Figure 7-6).  

MONTHLY SEDIMENTATION RATES 

To investigate the relationship between dredging, sedimentation, and changes 
in substrate composition, sedimentation rates were determined monthly at two 
areas within the SOK bed. One sediment trap was located in the upcoast section of 
the kelp bed approximately 780 m from the SONGS Unit 3 dredge line, while the 
second trap was located in the downcoast section of the kelp bed approximately 
1560 m from the dredge line. Each sediment trap was located adjacent to a LCMR 
benthic macrobiota transect (Figure 7-1) from which quarterly changes in sand 
cover were obtained.  

Sedimentation rate data from the two kelp bed stations were compared with a 
control station located approximately 2500 m downcoast of the dredge line 
and a station located 250 m downcoast of the dredge line at similar depths.  
(Stations F3 and D3, respectively, of the SONGS benthic infaunal Construction 
Monitoring Program). Sediment trap data is presented in Appendix VI.  

Results of the investigation indicate that monthly sedimentation rates were 
approximately 2 to 12 times higher at the upcoast section of the kelp bed than at 
the downcoast kelp bed, the control station (F3), or the station adjacent to the
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dredge l ine (D3) There was no appa r- 7 

ent relationship between the temporal 
pattern of sedimentation recorded at 
the upcoast kelp bed station and the c 50 
remaining three stations.  

0 

Monthly sedimentation rates at 25 

the downcoast kelp bed station were 
very similar to those reported at the 
control station for most of the year. 0 
Downcoast values in the kelp beds were 3 
also similar from January through 1 3 KY 

April, to that recorded at Station D3 C 2 F 
'N a SOKO 

(Figure 7-7).  

There appeared to be little, if 2000 
any, relationship between sedimenta
tion rates and changes in sand cover Z 

at the two kelp bed stations (Figure 1200A 

7-7). The lack of relationship in Z A 
sedimentation and substrate sand cover Ox 
was especially evident at the upcoast 4 

kelp bed station. This was probably 
due to the nature of the suspended 4 M M J J A S 0 N D 

sediments within the water column. MONTH 

Although the grain size of the sedi- Figure7-7. Monthly sedimentation rate and 
ments within the traps was not deter- quarterly percent sand cover at the upcoast and downcoast San Onofre 
mined, visual observations indicated kelp bed sediment trap stations during 
that the sediments were composed of 1979.  
fine material which was probably 
easily removed from the study area by current and surge action before they 
could accumulate (Figure 7-7).  

WATER COLUMN NUTRIENT ANALYSIS 

Surface and bottom water concentrations of nitrogen (NO2 + NO3 ), ammonia 
(NH4), and phosphate (P04) were determined monthly at stations inside and outside 
of the SMK, SOK, and BK beds. In addition, a station approximately 4.3 km off
shore of the San Onofre kelp bed was occupied monthly to monitor upwelling in 
the area. At the offshore stations, water samples were collected from the surface 
and depths of 15 m, 30 m, and 45 m.  

Nutrient concentrations from inside and outside the kelp beds were averaged 
for the following presentation because of a lack of a noticeable pattern between 
the two areas. All raw nutrient data are presented in the SONGS Oceanographic 
Data report (SCE 1980).  

Nitrogen Concentrations 

The temporal distributional pattern of nitrogen concentration was similar 
among the three kelp beds during 1979. In the surface waters, concentrations 
decreased from January through March, peaked in May, and then decreased sharply 
in June. From June through November, concentrations underwent little change. In 
December, nitrogen levels increased sharply at BK, while only a minimal increase 
was observed at SMK, and a decrease was recorded at SOK (Figure 7-8).  

Nitrogen levels in the bottom waters decreased from January through March.  
Major increases in nitrogen levels were recorded in April, May, July, and October 
through November (Figure 7-8).
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10 SAN MATEO KELP Examination of data from the 
9 45 m depth at the offshore station 

//indicated that upwelling, signified 
q by increased levels of nitrogen, began 

in March and peaked in May. Upwelling 
1.0 \ I appears to have continued through 

b August, although the magnitude 
decreased steadily from May through 

I August. The 45 m nitrogen data indi
V cated that a second upwelling pulse 

occurred from October through November 
0.11 and possibly into December (Figure 

SAN ONOFRE KEL- 7-8).  

0 / 

The 30 m depth also reflected 

: \ / 

the upwelling pulses in March through 
1.0May and again in October and November, 

while elevated levels of nitrogen were 
/P I4I recorded at the 15 m depth only in May 

Z' and September and at the surface only 
in May.  

go.11 Ammonia Concentrations 
EARN KELP Suf : 

50Surface ammonia concentrations 100 feet 
Bottrr---7t) were minimal from January through 

aMarch, peaked in May at all three kelp 
CPbeds, then declined sharply through 

1.0July. From July through December, 
I U ammonia concentrations exhibited only 

o slight variations (Figure 7-9).  

Bottom *water ammonia concentra
tions generally tracked those of the 

0. 1 surface waters from January through 
OFFSHORE July, except at BK where a minor 

10 1 // ---0", increase was reported in February.  
/ o From August through December, ammonia 

//o It -1concentrations underwent minor fluc
tuations (Figure 7-9).  

The temporal distribution of 
1.0 P ammonia levels at the offshore station 

tracked that recorded at the three 
kelp beds with peak concentrations 

-. recorded during May and June. A second 
major increase was recorded in the 
surface waters in December, while a 
minor increase was recorded at the 15 

OJ F Mf A M JJ A S 0 N D and 30m depths.  
SURVEY MONTH 

Figure 7-8. Average monthly concentrations of Phosphate Concentrations 
total nitrogen in the surface and bot
tom waters at the San Mateo, San 
Onofre, and Barn kelp beds and at the Phosphate levels at the three 
surface, 15, 30, and 40 m depths at kelp beds, unlike nitrogen and 
the offshore stations from January ammonia levels, underwent constant 
1979 through December 1979. fluctuations. In the surface waters,
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peak levels of phosphate were recorded SAN MATEO KELP 

in April at SMK, and May at SOK and BK 
(Figure 7-10).  

In the bottom waters, phosphate 
levels peaked in May and July with 
secondary increases from September 
through December at the three kelp 
beds (Figure 7-10).  

Phosphate levels at the offshore SAN ONOFRE KELP 

station peaked between April and 
June in the upper 50 m of the water 
column, while minimum values were 
recorded in August. A secondary 
increase was recorded in September at 
the 15 through 50 m depths. Increase 
was not recorded in the surface waters 
until December (Figure 7-12).  

KELP TISSUE ANALYSIS 

Nitrogen content of kelp blades 6 BARN KELP 

varies according to availability of eY: 

inorganic nitrogen compounds (pri- 10 feet I 

marily nitrate and ammonia) in the Botom 
surrounding waters. Values of 1.0 to 
1.2% of the dry weight of kelp tissue 
as nitrogen probably represent healthy 
mature tissue which lacks nutrient 
reserves (W. J. North personal commun- \ ' , 

ication). The following results 
represent the monthly average kelp 0 
leaf nitrogen content (based on 15 .F.SH.RE 
observations) at the San Mateo, 
San Onofre, and Barn kelp beds. Raw 
data are presented in the SONGS 
Biological Data report (SCE 1980a).  

The annual distribution of kelp 1.0 
leaf nitrogen levels, as expected, 
followed the distribution of water 
column nitrogen levels. In the three 
kelp beds investigated, kelp leaf 
nitrogen levels underwent a major 0. ' 

increase in May, followed by a secon
dary increase in October and December J F M A M J J A S 0 N D 

at the SOK and SMK beds. Kelp leaf SURVEY MONTH 

nitrogen levels in the Barn kelp bed Figure 7-9. Average monthly concentrations Of 
total ammonia in the surface and 

exhibited a minor pulse in July, bottom waters at the San Mateo, San 
followed by secondary peaks in Novem- Onofre, and Barn kelp beds and at the 

ber and December (Figure 7-11). surface, 15, 30, and40mdepthsat 
the offshore stations from January 

An examination of the nitrogen 1979 through December 1979.  

levels of individual kelp leaves 
collected suggest that kelp plants within SOK and BK may have been difficient in 
nitrogen during several months in 1979. In the SOK bed, half or more of the kelp 
leaves collected (a total of' 15 per month were collected) were below the 1% 
nitrogen level by weight during July, August, and 1% nitrogen level in half or
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1.0 SANMATEOKELP more of the leaves collected in 
JanuaryO April, July, and September.  

0.8- By comparison, only during November 

leaf collected in the SMK bed (20% of 
0.6-1 11 1 b, leaves collected) fall below the 1% 

/ level.  
0.4 

* S GENERAL HEALTH OF KELP PLANTS 

0.2- 1 The general health of the kel p 
- plants inhabiting the SMK, SOK and BK 

SAC 0OFEKL was determined on May 24, September SAN ONOFRE KELP28, and December 16, 1979. The purpose 

0.8-/ of the surveys was to qualitatively 
assess the health of the kelp plants 

0.6 within the three kelp beds and deter

-mine if the condition of kelp plants 

0.4-i 
h a nfekl e a opr 

*' ~, . able to that in the San Mateo and Barn 

0.2

JM F M AJ M AS0L SURVEY Survey 

:: RNKL Kelp plants at the SMK bed appeared 

FgKEYu to be in good condition in May. There 

tota ortophsphee inthSurface 

f ar ls was no sign of disease. Bryozoan 
100mfeet colonies on the kelp blades were 

(Offshore -15B feet) minimal. New growth on existing kelp plants was evident and the kelp tissue 
it I exhibited good color. Throughout most 

ZO. of the kelp bed investigated, juvenile 
Macrocystis plants were sparse. In a 

0.4 . few areas of the kelp bed, the growth 
of juvenile plants appeared to be 

0.2- light limited.  

0F Kelp plants in both the offshore land inshore areas of the SOK bed 
appeared healthy both at and below the 1, surface although some senile fronds 
and moderate bryozoan growth on kelp 

1.0. leaves was noted in the inshore 
region. Scattered juvenile Macrocystis 
plants were observed near the onshore 
origin of Transect B (Figure 7-3).  

0.6 -Approximately 320 m offshore of the 
transect origin, sea urchins (primar
ily Strongylocentrotus franciscanus) 
dominated the area. Within the same 
area, a moderate number of small 
o juvenile Macrocostis (mostly single 

JLLw blades) were o served. Juvenile and 
.1 F M A M J J A S 0 N D young Macrocystis were also common in 

SURVEY MONTH areas of the offshore kelp bed.  
Figure 7-10. Average monthly concentrations of 

total orthophosphate in the surfacee t n e t e 
and bottom waters at the San Mateo,ther 
SanOnofre, andBarnkelpbedsandat offshore section of the Barn kelp 
depths at the offshore stations from (Station A) were similar to those 
January 'through December 1979. p1 ants observed at the SOK bed. Some
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KEY: 
o SmnMaUteKOO 
* San Ono"e Kel 

4- Upper Rmnge 

UJ / u, ...  

Mean 

/ Loam Rang* 

- ----- Z 

0 I I I 

JAN FEB MAR APR MAY MN JUL AUG SEP OCT NOV DEC 
MONTH 

Figure 7-11. Mean nitrogen concentration, expressed as a percentage of dry weight, of 
the kelp leaves occurring in the San Mateo, San Onofre, and Barn kelp 
beds from January 1979 through December 1979.  

senile fronds were present and moderate bryozoon growth was present on the kelp 
leaves. Adult kelp plants were sparse and patchy.  

The inshore and offshore southern sections of the BK bed contained healthy 
plants with good blade color and minimal bryozoan growth. New growth,, on adult 
plants, was evident in both sections.  

September Survey 

Adult kelp plants at Station D of SMK appeared in good health with no 
deterioration noted at either the hold fast or stipes. Bryozoans were almost 
absent from the kelp leaves observed. Very few juvenile Macrocystis were observed 
during the survey.  

The kelp canopy in the offshore SOK bed was sparse in September. Adult 
plants in this area exhibited black rot and the leaves were moderately covered 
with bryozoan colonies. The kelp leaf color was generally pale. Approximately 
20-40% of the kelp fronds examined were in good condition while less than 
1% were senescent.  

The canopy at the inshore section of the SOK beds was also generally sparse.  
Adult Macrocystis along the inshore section of Transect B appeared healthy.  
Holdfasts were well anchored, sporophyll clusters were in good condition and few 
sunken fronds were observed. Juvenile Macrocystis were common along the first 200 
m of the inshore segment of Transect B.  

Juvenile Macrocystis were also common at Station C in the SOK bed. There was 
some sediment present on the rocks and kelp blades in this area.  

The canopy at the BK bed was sparse with approximately 10 to 30% of the 
fronds in a senescent condition. Kelp leaves were generally pale with some 
black rot present. Moderate concentrations of .bryozoans were present on the kelp 
leaves observed. Some deteriorating holdfasts were observed.  

December Survey 

A Kelco vessel was harvesting the kelp in the area of the SMK bed Station D 
on the day of the survey. Consequently, the investi-gation was conducted at the 
western edge of the main section of the kelp bed to avoid the harvesting process.
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All kelp plants in the area investigated were healthy, the tissues were deeply 
colored, and the bryozoan cover was moderate. There was some sediment on the kelp 
leaves. Juvenile Macrocystis plants were observed wherever open space occurred 
and sunlight could penetrate to the bottom. The kelp bed had expanded to the 
seaward limits of the rock substrate.  

Juvenile Macrocystis as well as other algal species were abundant on 
approximately the first 150m of the inshore section of SOK Transect B. For 
approximately the next 140m the transect consisted of barren cobble dominated by 
sea urchins (primarily Strongylocentrotus franciscanus).  

Dense clusters of juvenile Macrocystis were encountered at approximately 
1,133 m and 1,233 m from the origin of the transect (inner and outer margins of 
the offshore section of the bed).  

Kelp plants in the offshore section of the transect were generally in good 
health although a few fronds had lost buoyancy and were floating in the water 
column or resting on the bottom.  

At Station C in the SOK bed young Macrocystis up to 10 to 20 feet in height 
were abundant. Scattered smaller plants were also observed. Approximately 1cm of 
sediment was present on the rocky substrate while some was noted on the kelp 
leaves.  

The kelp canopy at Station A of the BK bed was held under by a current, 
apparently because the kelp leaves were densely encrusted by bryozoans. This 
contrasted with canopies on the surface approximately 30m away.  

A few scattered juvenile Macrocystis were observed in open areas where 
canopy shading was absent, particularly along the inshore rock-sand interface.  
Bases of adult plants were in good condition, firmly attached, and with prolific 
clusters of sporophylls. Much of the rock substrate was covered by approximately 
1cm of sediment.  

DISCUSSION 

The present kelp program was instituted in December 1976 to monitor the 
"health" of the SOK bed during the construction phase of SONGS Units 2 and 3.  
Construction activities, specifically dredging, can adversely effect the develop
ment, growth and maintenance of a kelp bed by increasing ambient turbidity 
and sedimentation. Turbidity can adversely effect recruitment success of 
Macrocystis by reducing bottom irradience below the compensation level resulting 
in retarded growth or loss of newly settled plants depending on the length of 
irradiance reduction (Deysher and Medler 1978; Dean 1979 a,b). Sedimentation may 
also adversely affect Macrocystis recruitment by reducing the substrate available 
for sporophyte and gametophyte settlement or burying developing gameophytes 
(Devinny and Volse 1978). Either increased turbidity, sedimentation, or a combin
ation of both can reduce, and in extreme cases eliminate, an existing kelp bed 
over a period of time.  

Observations and data collected to date suggest 1) dredging activities did 
substantially increase turbidity and sedimentation in the upcoast section of SOK; 
2) no major loss of kelp canopy accompanied the increased turbidity and sedimen
tation (although what effect dredging activities had on the development and 
expansion of the San Onofre kelp bed is not known); and 3) qualitative observa
tions made in the upcoast section of SOK suggested that "health" of the adult 
plants were not affected by the dredging operations.
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Based on bimonthly light transmittance data (SCE 1979a, 1980a) it appears 
that the major increases in turbidity were the result of dredging and backfill 
activities associated with the construction of SONGS Units 2 and 3 diffuser line.  
Although bi-monthly surveys covered only a fraction of the time dredging activi
ties were conducted, the data suggest that the dredge related turbidity "plume" 
was in contact with the upcoast section of the kelp bed through much of the 
spring and summer of 1978 and through May 1979. Further, sedimentation rates in 
the upcoast San Onofre kelp bed were increased approximately 2 to 12 times 
ambient (see Figure 7-7).  

Although turbidity and sedimentation were substantially elevated in the 
upcoast section of the kelp bed, there was no decrease in the areal extent of the 
canopy directly attributable to dredging activities. Kelp mapping data, in fact, 
indicated that some expansion of the upcoast canopy did occur in the direction of 
the dredge line and a new inshore section of the canopy developed between 500 
to 1500 m north of the dredging activities in 1979.  

Although canopy mapping investigations have shown no substantial decrease in 
the kelp canopy there is evidence to suggest that dredging activities may have 
reduced the potential expansion of the offshore SOK canopy. Deysher and Medler 
(1978) documented the presence of a "substantial" population of juvenile 
Macrocystis in the area of the Unit 2 diffuser dredgeline and Macrocystis of 
medium to high frond density approximately 300m downcoast of the dredgeline prior 
to dredging activities. Neither of these stands of Macrocystis have formed a 
canopy during the course of the investigations suggesting that their growth was 
suppressed.  

Investigations conducted at SONGS on the relationship of turbidity on 
Macrocystis recruitment and juvenile growth (Deysher and Medler 1978; Dean 
1979 a,b) further suggest that dredging activities probably had a negative 
effect on successful Macrocystis recruitment in the upcoast section of the kelp 
bed. Deysher and Medler (1978) and Dean (1979 a,b) have demonstrated that reduced 
irradiance (below 1E/M 2/ day) and/or scouring associated with turbidity can 
suppress or prevent gametogensis and sporophyte development while Dean (1979a) 
has indicated that elevated turbidity can significantly suppress the growth 
of young kelp plants. Quantification of turbidity affects in the present 
study cannot be documented because of a lack of irradiance data and quantative 
Macrocystis recruitment data. These qualitative investigations did indicate, 
however, that successful recruitment occurred during the latter part of both 1978 
(SCE 1979b) and 1979 and appeared to be especially successful at the inshore 
origin of Transect B and at Station C. The recruitment did correspond to an 
absence of dredge related turbidity (SCE 1979a, 1980a) but also corresponded to 
reduced levels in ambient turbidity: thus with the available data it is not 
possible to hypothesize a direct cause and effect relationship.  

The effect of dredge related sedimentation on the availability of rock and 
cobble necessary for Macrocystis recruitment within and adjacent to the kelp bed 
is difficult to determine. Sediment trap data does indicate that monthly sedimen
tation rates were approximately 2 to 12 times ambient at the upcoast kelp bed 
station in 1979. A conversion of monthly sedimentation rates to daily deposition 
rates (see subtidal sediment section) indicates that there was the potential for 
the average daily deposition of roughly 3.3 cm of sediment per day at the upcoast 
station. In comparison, the average daily potential at the downcoast kelp bed 
station was roughtly 0.3 cm per day. Data collected from subtidal and infaunal 
stations within and outside of the influence of the dredging activities suggest 
that a majority of the sediment was not deposited but was in a state of flux.  
Further, change in sediment composition within the kelp bed recorded between 
substrate mapping surveys were probably normally accretion and attrition related 
to oceanographic conditions (see Chapter 2D). This is supported by estimates of
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sand cover at the LCMR transect adjacent to the upcoast sediment trap, although 
the observations are at best a gross estimation of existing conditions.  

Dredging related activities do appear to have substantially affected the 
availability of suitable substrate for Macrocystis recruitment in the area 
between the dredge line and the upcoast section of the kelp bed. A comparison of 
substrate composition adjacent to the SONGS Units 2 and 3 diffuser dredge line 
prior to the initiation of dredging activities in December 1977 (Deysher and 
Medler 1978) with the composition mapped in December 1978 (SCE 1979c) and Feb
ruary 1980 (present investigation) indicates that a substantial fraction of the 
cobble substrate (a possible area for kelp bed expansion), present in 1978 has 
been buried. By February 1980 a corridor of sand approximately 200 m on either 
side of the dredge lines had been formed. Accumulation of large grain-size 
sediments from dredging activities is probably responsible for at least part of 
the change in substrate composition. Other factors such as alteration of the 
normal littoral drift and storm related activities probably also contributed to 
the noted change in substrate composition. The data does suggest that directly or 
indirectly, dredging activities may have limited the upcoast expansion of the San 
Onofre kelp bed.  

Examination of adult Macrocystis plants for their relative state of health 
during the course of the investigation provided no indication that dredging 
activities had a measureable effect on their general health. Signs of poor health 
(i.e. black rot, senility, off-colored tissue, etc.) in the adult plants were 
noted following 1) the major period of canopy deterioration in the summer of 
1976; 2) the major storm systems of February and March 1978; 3) the periods 
of normal summer deterioration (North 1971); and 4) following the winter storms 
of 1979. In each instance, major episodes of kelp deterioration or stress in 
adult Macrocystis was associated with naturally occurring events.  

Signs of poor health (i.e. black rot, senility, etc), were prevalent in the 
SOK canopy following the major period of canopy deterioration in 1976, and 
through much of 1977 (MBC 1978). Natural processes (possibly reduced nutrient 
levels, W. J. North personel communication) were responsible for the deterior
ation. Dean (1979b) suggested that elevated copper levels associated with SONGS 
operation may have aggravated the condition, although no evidence of copper 
toxicity has been documented. The deterioration was also present in the San 
Mateo kelp bed although the Barn kelp bed exhibited virtually no deterioration.  
Following the period of deterioration approximately 80% of the SMK and SOK canopy 
was lost while the BK canopy underwent little change (MBC 1978).  

The major storm systems that passed through the study area in February and 
March 1978 left much of the SOK canopy tattered. Further, large deposits of 
sediment were noted in the kelp bed, covering the cobble substrate (SCE 1979c).  

The winter storms of 1978 apparently affected the BK bed substantially more 
than either the SMK or SOK beds. Between December 1977 and June 1978 the BK 
canopy was reduced approximately 90% (SCE 1979c). As of February 1980 the BK 
canopy remains relatively small, comprising approximately 25% of the pre-storm 
canopy.  

Prior to the initiation of the present kelp bed investigation in December 
1976, the SOK bed and to a lesser extent the SMK bed, underwent a major period of 
deterioration (MBC 1978). It was suggested that the deterioration was due to a 
reduction of water column nutrient levels in the summer of 1976 (W. J. North 
personal communication). In order to examine the relationship between nutrient 
levels and future episodes of major kelp deteroration, a kelp tissue and water 
column nutrient monitoring program was initiated in May 1977.
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No relationship between nutrient levels and major episodes of kelp deterior
ation was observed during the three year investigation. The BK bed canopy did 
significantly diminish in areal extent following the major storms of early 1978, 
but the loss of most of the canopy appears to have been related to storm damage 
and possibly other factors (burial of suitable substrate, etc.) associated with 
the storms. Total nitrogen concentrations throughout the year were similar among 
the three kelp beds. All beds showed the April to May and November to December 
peaks (Figure 7-8).  

W. J. North (personal communication) has suggested that kelp tissue nitrogen 
levels, below 1% of dry weight over an extended period of time, is probably 
detrimental to the maintenance and growth of the adult kelp plants. Though 
nitrogen below the 1% level were often common in kelp tissue collected from one 
or more of the kelp beds during the summer months, concentrations rarely remained 
below the 1% level for any extended period of time. An increase in mean kelp 
tissue nitrogen concentrations was observed in all three kelp beds during May 
1979 and was coincident with the increase in water column total nitrogen for that 
period. This was not particularly reflected in an increased overall canopy size, 
as all three beds continued to increase in size throughout the year.  

Water column and tissue nutrient levels did suggest that nutrient concen
trations often varied between individual kelp beds (MBC 1978, SCE 1979c, present 
investigation). Further, the nutrient data indicated that the nutrient regime in 
the study area varied considerably from year to year. Differences were mainly the 
result of terrestrial runoff associated with the major storms of early 1978 (SCE 
1979c) and the second major episode of upwelling in the fall of 1979.  

The areal extent of the kelp canopies of the San Onofre region have under
gone several major changes since they were first mapped in 1911. Often changes 
in one canopy, especially the SOK canopy, have been independent from changes 
noted in the other canopies of the region. Until the causes mechanisms (i.e.  
interaction of nutrients, light levels, sedimentation, etc.) controlling canopy 
size are better understood, it will be difficult to interpret future changes in 
the SOK canopy and distinguish between naturally occurring changes in canopy 
extent and those induced by the operation of SONGS.  

SUMMARY 

Studies of the kelp beds in the San Onofre region were conducted from 
January 1979 through February 1980. The investigations included: 1) mapping the 
areal extent of the canopy and associated substrate of the San Mateo, San Onofre 
and Barn kelp beds; 2) determination of sedimentation rates in the upcoast and 
downcoast section of the San Onofre kelp bed; 3) nutrient analysis of the waters 
in and adjacent to the three kelp beds; 4) determination of nitrogen concentra
tions of kelp leaves of the three kelp beds; and 5) a qualitative assessment of 
the general health of the kelp plants within the three kelp beds.  

1. Dredging activities did substantially increase turbidity and sedimen
tation above ambient conditions in the upcoast section of the San 
Onofre kelp bed.  

2. No substantial loss of kelp canopy accompanied the increased turbidity 
and sedimentation although what effect dredging activities had on bed 
development and expansion is not known.  

3. Successful Macrocystis recruitment in the upcoast section of the 
San Onofre kelp bed was observed from September through December in 
both 1978 and 1979.
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4. Qualitative observation suggests that dredging had no measureable 
effect on the adult Macrocystis plants of the San Onofre kelp bed.  

5. During this three year investigation (1977, 1978, 1979), neither water 
column nor tissue nutrient levels could be correlated with changes in 
kelp canopy size.  
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Accretion Natural accretion is the buildup of sediment solely by 
the action of forces of nature; on a beach by deposi
tion of waterborne or airborne material. Artificial 
accretion is a similar buildup of sediment due to an 
act of man.  

Adsorption The adhesion in a thin layer of molecules to the 
surface of solid bodies or to a gas/liquid phase 
boundary with which they are in contact.  

AmbientTransmittance The light transmittance in waters beyond the influence 
of SONGS Unit 1 and within the survey area.  

Assimilation The incorporation into protoplasm.  

Attenuation The reduction in light intensity caused by the absorp
tion and scattering of light energy in air or water.  

Autocorrelation Describes the general dependence of the values 
of the data at one time on the values of another 
time.T 

Rx(t)= m 1 if x(t)x(t+T) dt 
T-o- T 0 

Backwash The seaward return of water following the uprush of 
the waves.  

Barnacle A marine crustacean permanently attached to rocks or 
other solid substrate as an adult, with feathery 
appendages for food gathering, and enclosed in a 
calcareous conical shell.  

Beach The zone of unconsolidated material that extends 
landward from the low water line to the place where 
there is marked change in material or physiographic 
form, or to the line of permanent vegetation (usually 
the effective limit of storm waves). The seaward limit 
of the beach - unless otherwise specified - is mean 
lower low water line.  

Beach Cross-Sectional Area (See Beach Profile Area) 

Beach Face The section of the beach normally exposed to the 
action of the wave uprush. The foreshore of a beach.  

Beach Profile Area The area occupied by the intersections of the ground 
surface with a horizontal plane at MLLW and vertical 
plane. The vertical plane extends to the elevation of 
the reference marker at individual transects.
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Benthos Organisms living in or on the sea bottom.  

Berm A nearly horizontal part of the beach formed by 
the deposit of material by waves.  

Bray-Curtis A measure of dissimilarity between two sample entities 
Dissimilarity (species or stations). s 

I X1. X2 .  

D = 
S 

j 1 

where = number of individuals of species j at site 1 

X2 = number of individuals of species j at site 2 

S = total number of species found at sites 1 and 2 

Bubble Turbulent surface waters above the Unit 1 cooling 
system discharge.  

Carnivore Consumer of living animal material.  

Celsius Temperature Temperatures based on a scale in which water freezes 
at 00 and boils at 1000 (at standard atmospheric 
pressure). Related to Farenheit temperature, by oC 

5/9 (oF-32) and (9/5 x oC) + 32.  

Chi2 Chi-square is a method of comparing observations to 
expected results to determine whether the observation 
deviates statistically from theoretical expectation.  

Chlorophylla An important photosynthetic pigment occurring in 
phytoplankton. The quantity of chlorophyll a in 
seawater is measured by fluorescence according to the 
following equation.  

Fo/Fa 
Chlorophyll a (mg/m 3) = max (kx)(Fo-Fa) 

(Fo/Famax)-l 

liters filtered 

where Fo = fluorescence before acidification 
Fa = fluorescence after acidification 

Fo/Famax = maximum acid factor which can 
be expected in the absence of 
phaeo-pigment 

kx - calibration constant for a specific 
sensitivity scale 

Cirripedia Subclass of crustacea: barnacles.  

CoastalCurrents Major oceanic boundary currents and associated 
residual currents.
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Coefficient An expression of the amount of variation, the standard 
of Variation deviation, expressed as a fraction of the mean.  

For a population: C = o/u sample estimate: C = s/X 

where: 

a = Population standard deviation 

i= Population mean 

s = Sample standard deviation 

X = Sample mean 

Community A spatially and functionally related assemblage of 
animal , pl ant, bacterial , and fungal popul ati ons. The 
populations vary with respect to composition but each 
assemblage demonstrates a distinct structure. Abiotic 
and biologic environmental variables control composi
tion and distribution of the community. The organisms 

Contageous Distribution 

linkevprgesses 

occrrecelaternofonnrgaismorfrgniiegrut 

A quantitative description of the spatial dispersion 

patterns of an organism or organism group when the 
sample variance is greater than the sample mean.  

Contemporary Mineral and rock particles washed from areas that 
Terrigeneous Sediments have been eroded during approximately the last 7,000 

years. These sediments were deposited under present 
hydrodynamic conditions.  

Convergence In refraction phenomena, the decreasing of the dis
tance between orthogonals in the direction of wave 
travel. Denotes an area of increasing wave height and 
energy concentration.  

Copeoda Order of small crustaceans (generally 0.6 to 4.0 mm) 

which represents the major group of zooplankton found 
in waters overlaying continental shelves.  

CorrelationCoefficient The Pearson Product Moment *(r) may be used to test 

the hypothesis that there exists a linear relationship 
between two independent variables, X and Y. The 
statistic is computed by the following formula: 

IXY - XflY/N 
r eny 2 o(X) 2/N [1y 2 

Crustacean Any animal of a large class (grustacea) characterized 
by having a chitinous or calcareous and chitinous 
exoskeleton and jointed appendages (as lobsters, 
shrimp, crabs, and barnacles).
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Dendrogram A tree-like graphic representation of a similarity 
analysis in which each classified entity is repre
sented by a branch. The point of origin of each branch 
on the "tree" indicates the entity cluster to which it 
belongs and the relative similarity of the entity to 
others in the cluster.  

Density Mass per unit volume. Governed in seawater by temper
ature, -salinity, and pressure. May also refer to 
number of individuals per unit area or volume.  

Depth Control Pertains to detrital sediments in which the distribu
tion is controlled by present hydrodynamic conditions.  

Dichotomy The point at which two branches of a dendrogram 
unite.  

Diel Daily, occurring within a 24 hr period, such as diel 
vertical migration in which organisms migrate toward 
the surface and back to depth within one day.  

Diurnal Daily, especially referring to actions which are 
completed within approximately 24 hrs and which recur 
every 24 hrs (i.e. daily vertical migrations or 
plankton, fish, and tidal cycles).  

May also refer to occurrences during the daytime, as 
contrasted to nocturnal.  

Diversity A measure of the number of species present relative 
to the total population of organisms.  

Dominant Highly important in a community: importance may be 
based on abundance, biomass, productivity, or func
tional role.  

Downcoast A direction generalization which references specific 
positions while moving on a compass heading of 120 
degrees.  

Elevated Temperature The total surface area enclosed within a particular 
Field isotherm (in this report, loF and 4oF isotherms) used 

as comparison criteria for thermal dispersion data.  

Entrainment Intake of water column organisms into a cooling 
system. May also describe the drawing in and trans
porting of sediments through the momentum of dis
charged waters.  

Epifauna Animals living on the substratum.  

Errant Free living, motile (Polychaeta: Errantiate).  

Eurythermal Able to tolerate a wide range of temperatures.
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Family Term used in classification, signifying a group of 
related genera.  

Fidelity A qualitative term employed to describe the restricted 
(site specific) distribution pattern of an organism or 
organism group.  

FlexibleSorting A clustering strategy used in the building of dendro
grams to reduce "chaining" and allocate as many 
entities as possible to groups.  

Foreshore The part of the shore lying between the crest of the 
seaward berm (or upper limit of wave wash at high 
tide) and the ordinary low water mark, that is ordin
arily traversed by the uprush and backrush of the 
waves as the tides rise and fall.  

Frequency Domain A breakdown of a complete curve with many superim
Filter posed frequencies into component curves of specific 

frequencies.  

Genus A category of biological names ranking between the 
family and species names and designating a group of 
closely related organisms.  

GrabSample A sediment sample collected typically by a remote 
sampling device lowered from a boat (as a clamshell 
dredge, Petersen grab, Shipek grab).  

GrabSampler An instrument possessing jaws that seizes a portion 
of the bottom sediments for retrieval and study 
(e.g. Shipek grab).  

Gradient A linear change in the magnitude of a parameter with 
distance.  

Grand Mean Also; overall mean, the mean of several means. Used 
to indicate overall trends of several independent sets 
of data.  

Grazer Synonym for herbivore. An animal which generally feeds 
upon attached, living primary producers.  

HeatTreatment The control of marine fouling organisms by means of 
recirculation of a portion of the condenser discharge 
in order to increase the water temperature within the 
cooling water system. Heat treatment of the intake 
conduit results in reversed flow through intake and 
discharge conduits and the expulsion of fouling 
organisms and debris.
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Heip's Evenness A mathematical expression of the evenness of appor
tionment of individuals among species within a given 
community.  

.H 1 
E = 

s

where:, e = base of natural logs 

H = Shannon Wiener Diversity Index 

S = total number of species in sample 

Herbivore Consumer of living plant material.  

Holocene In the geologic time scale it represents recent time 
or approximately the last 18,000 years.  

Holoplankton Organisms with an entire life cycle spent within 
the plankton.  

Infauna Those animals living at or below the water-substrate 
interface in bottom sediments.  

Insolation The radiation from the sun received by a surface; 
the rate of such radiation per unit of surface.  

Intertidal Relating to or being part of the zone bounded by high 
and low tide waters.  

InverseClassification A numerical technique which measures similarity of 
organisms in terms of their distribution among samp
ling entities.  

Isopleth A line on a map connecting points of equal value.  

Isotherm A line connecting points of equal temperature.  

Knot A unit of speed equal to one nautical mile per hour 
(approximately 51 centimeters per second).  

Kurtosis (KG) A measure of the ratio of the sorting in the extremes 
of the distribution compared with the sorting in the 
central part.  

K = 095-'5 KG 
2.44 (475-025) 

Langley A unit of solar radiation equivalent to one gram 
calorie per square centimeter of irradiated surface.  

LightTransmittance The ratio of the transmitted light energy to the 
received light energy. Light transmittance (T) is a 
function of the attenuation coefficient of the medium 
(a) and the distance over which the light is trans
mitted (r), T = e-r.
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Limpet A marine mollusk (Gastropoda) with a low, conical 
single-whorl shell that browses on algae and adheres 
tightly to the substrate when disturbed.  

Longshore Parallel to the shoreline.  

LowTideTerrace A horizontal or nearly horizontal topographical 
feature interrupting a steeper slope that occurs near 
mean lower low water (MLLW).  

Mean A mathematical average, such that given numerical 
values of Y1 , Y2, Y3, -* YN, the "mean" of these 
values is defined by the following equation: 

i =N 

Yi 

x I 
N 

MeanDiameter(Mz) The average size in the central 68% of the particle 
size distribution.  

MZ = *16"50"84 
3 

Median Grain Diameter (Md) The grain diameter corresponding to the 50th percen
tile of the cumulative curve. Half the diameters (by 
weight) of the distribution are larger and half are 
smaller than the median diameter.  

Mean Lower Low Water The average height of the lower low waters over 
a 19 year period.  

Meroplankton Organisms which spend only a portion of their life 
cycle in the plankton either as adults or larval 
forms.  

Mixed Layer The upper layer of the ocean in which wind induced 
wave action mixes the water to the depth of the 
principal pycnocline.  

Mollusc Any animal of a large phylum (Mollusca) of organisms 
characterized by a soft unsegmented body which is 
usually enclosed in a calcareous shell (as snails or 
clams).  

Natural Temperature The temperature of the receiving water at locations, 
depth, and times which represent conditions unaffec
ted by any artificially induced elevated temperature.  

Nekton Free-swimming animals (as fish and marine mammals).  

NormalClassification A numerical classification technique which measures 
similarity of sampling entities in terms of their 
biota.
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Null Hypothesis In statistics, the null hypothesis is the assumed 
relationship which is to be tested. In comparing 
data sets, the null hypothesis states that no dif
ference exists between the sets. If the sets prove to 
have statistically significant differences, the null 
hypothesis is assumed to be incorrect., and a true 
difference or relationship probably exists.  

NurseryArea Distinct habitat isobath or range of depths utilized 
nearly exclusively by juveniles and newly recruited 
organisms.  

Omnivore Any animal which is capable of feeding on both plant 
or animal material.  

Opportunistic In the trophic sense a strategy of eating what is most 
easily available with little or no selectivity.  

OpportunistSpecies A species whose life history allows it to rapidly 
expand its population during periods of favorable 
environmental conditions, and to persist in very low 
densities during unfavorable periods.  

Oscillatory Tidal The alternating horizontal movement of water asso
Current ciated with the rise and fall of the tide.  

OscillatoryWave A wave in which each individual particle oscillates 
about a point with little or no permanent change in 
mean position. The term is commonly applied to pro
gressive oscillatory waves in which only the form 
advances, the individual particles moving in closed or 
nearly closed orbits.  

Parameter Any of a set of physical properties whose values de
termine the characteristics or behavior of something.  

Perturbation A disturbance of either abiotic or biotic.origin 
which modifies a stable state; often resulting in 
community changes.  

pH The negative logarithm of the hydrogen ion concentra
tion of a solution which provides a measure of acidity 
or alkalinity.  

Phaeo-pigments Biological inactive pigment. Degradation product 
of photosynthetic pigment, chlorophyll a.  

3) = Fo/Famax (ks) Fo/Fa (Fa)-Fo] 
Phaeo-pigments (mg/m3 - 1 I max ] 

(Fo/Famax) 

liters filtered 

where Fo = fluorescence before acidification 

Fa = fluorescence after acidification
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Fo/Famax = maximum acid factor which can be expected in the 
absence of phaeo-pigment 

kx = calibration constant for a specific sensitivity 
scale 

Photosynthesis The process by which plants use carbon dioxide and 
water, in the presence of light to form carbohydrates 
and oxygen.  

Phylogenetic Based on natural evolutionary relationships.  

Phytoplankton Portion of the plankton represented entirely by 
plants, containing chlorophyll and capable of photo
synthesis.  

Pielou's Evenness A mathematical expression of the evenness of appor
tionment of individuals among species within a given 
community: 

. H' 

log S 

given: H' = the Shannon-Wiener Index 

S = number of species within the community 

Plankton Those animals depending on water movement for trans
portation, floating or drifting passively in water.  

Polychaete Any animal of the large class of annelid worms (Poly
chaeta) characterized by having paired segmental 
appendages.  

Precipitation Describes the general frequency composition of data 
in terms of the spectral density of its mean square 
value.  

PowerSpectralDensity The separation from a solution or suspension by 
physical or chemical change.  

Predator A species which actively preys upon other organisms.  

PrimaryConsumers Animals which graze on plant material; herbivores.  

Primary Producers Green plants which, by photosynthesis, transform solar 
energy into chemical energy. These plants are the 
basic link in a food chain or web.  

Protandric Hermaphrodite A sexual pattern found in various invertebrates 
in which sex changes with age; males being young and 
small, and after a short intersex stage metamorphosing 
into larger adult females.  

Quadrat Generally a rectangular frame enclosing a sampling 
plot for ecological or population studies.
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Raptorial Predatory behavior type always involving active prey 
capture, usually involving search for and/or chase 
of prey, and generally implying a degree of prey 
selectivity.  

RelictSediments Mineral and rock particles washed from areas that have 
been eroded before the end of the last holocene 
transgression. These sediments were deposited under 
hydrodynamic conditions that existed when sea level 
was up to 130 m below its present level.  

Regular Distribution A quantitative description of the spatial dispersion 
patterns of an organism or organism group when the 
sample variance is less than the sample mean.  

RipTide A strong narrow surface current flowing outward from a 
shore that results from the return flow of waves and 
wind-driven water.  

Salinity Total amount of dissolved salts in seawater usually 
expressed as parts per thousand (ppt or 0/00).  

Scavenger Those species which are opportunistic in feeding 
habits, feeding upon animals and plants, living or 
dead.  

Secchi Disc A white disc of standard size (30 cm diameter) used 
in the measurement of water clarity in the water 
column by observing the depth at which the disc 
disappears from sight.  

Sedentary (Sedentate) permanently attached or located.  

Sediment Particulate organic and inorganic matter which accum
ulates in a loose, unconsolidated form.  

Sessile Permanently attached to the substatum.  

SettleableSolids The residue which settles out of a sample of seawater 
contained in an Imhoff cone, after a predetermined 
amount of time.  

Shannon-WienerSpecies A measure of diversity in a single sample set of 
Diversity Index species.  

5 

H' - log 1

j N N 

where n. = number of individuals in the jth species 

S = total number of species 

N = number of individuals 

Sigma-t A convenient form of expressing density defined by 
(density - 1) x 103.
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Skewness (SKI) A measure of the direction and extent of departure 
of the mean from the median (in a normal or symmet
rical curve they coincide). In symmetrical curves, 
SKi = 0.00 with limits of -1.00 and+1.00. Negative 
va ues indicate the particle distribution is skewed 
toward the larger particle diameters, while positive 
values indicate the distribution is skewed toward the 
smaller particle diameters.  

SKj = 16+084-2450 15+495-2050 

2(484016) 2('95-'5) 

Solar Irradiance The incident flux of solar energy striking a unit 
area.  

Sorting Coefficient (al) Sorting measures the spread or assortment of grain 
sizes. Folk-Ward sorting approximates the statistical 
standard deviation if the distributions are nearly 
Gaussian (normally distributed).  

o - 484-016+*95-*5 
4 6.6 

SourceControl Pertaining to relict sediments of which distribution 
was controlled by past hydrodynamic conditions.  

Species A category of biological names ranking. immediately 
below the genus name and designating related organ
isms potentially capable of interbreeding.  

SpecificGravity The ratio of the density of a substance to the density 
of another substance.  

SpeciesTurnover A measure of percentage change in the species compo
sition of a community between two successive sampling 
periods.  

Asp = 100A, 

where: 
e = extinction (species lost between t1 and t2) 

r = Recruitment (species gained between t1 and t2 
A = Number of species present at t 

Stability (of biological communities) The ability of a system 
to maintain itself after small external perturbations.  

StandardDeviation A measure of the dispersion of sample variates about 
the mean measured by the square root of the sample 
variance.  

Standard Error The standard deviation of a distribution of means.  

Stratification The vertical division of distinct horizontal layers.  

Surge 1) The name applied to wave motion with a period 
intermediate between that of ordinary wind waves and
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that of the tide (1/20 to 60 min), 2) in fluid flow, 
long, interval variations in velocity and pressure, 
not necessarily periodic, often transient in nature.  

Suspended Solids Solid matter found entrained in, but not dissolved 
in, the water column.  

Suspension Feeder Any animal which is able to filter out food particles 
from the surrounding water medium.  

swash The rush of water up onto the beach face following 
the breaking of a wave.  

Taxon Name or coded identifier of a taxonomic group at any 
heirarchical level (pl. taxa).  

Taxonomic Group Any grouping of related units in the classification 
of plants and animals.  

Thermal Plume A mass of water measureably warmer than surrounding 
waters which is produced by cooling water discharge.  

Thermocline Within the water column a layer in which there occurs 
a steep gradient of temperature with depth (<0.1 0 C/m).  

Tidal Current The alternating horizontal movement of water asso
ciated with the rise and fall of the tide.  

Transect An imaginary or real line established across an area 
for the purpose of sampling.  

Transgression The landward shift of the boundary between marine 
and non-marine deposition caused by worldwide rise in 
sea level and/or subsidence (lowering) of the land 
mass.  

Transit Time Time for water to traverse the cooling system.  

Transmissivity A measure of the ability of light to pass thorugh a 
water parcel, usually measured as percent transmit
tance per unit length.  

Trawl A large conical net usually attached to two down
planing boards and dragged along the sea bottom to 
gather fish or other marine life.  

"t"Test A special case of ANOVA which enables the comparison 
of two sample means based on the distribution of 
the "t" statistic (a sample) mean divided by its 
variance.  

Trophic Level Functional level in a food chain or web.  

Turbidity Decreased water clarity caused by the presence of 
suspended and/or dissolved materials.
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Upcoast A direction generalization which references specific 
positions while moving on a compass heading of 300 
degrees.  

Variance A measure of dispersion around the mean of a distri
bution.  

Velocity Cap A deflection plate which causes a horizontal flow of 
water into the cooling system intake.  

VerticalControl The establishment of an elevation in reference to a 
given datum such as MLLW, bench mark, or reference 
mark.  

WaveEnergy Total wave energy per unit surface area, defined by 
the equation: 

E = Og<0
2 > 

where: P = fluid density 

g = gravitation acceleration 

<a2 > = total variance of the sea surface 

Wave energy is customarily reported as a function of 
<a2> only.  

Wind Drift Wind induced surface currents.  

Zooplankton Portion of the plankton composed entirely of animals.
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Table 1-1. Mean and range of surface, mid-depth, and bottom temperature (TC) 
during 1979 bimonthly survevs.  

Deyth Item Jan 11 Mar 14 May 16 Jul 11 Sep 5 Nov 7 Nov 27 Year 

t ina Surface Min/Staa 15.0/W0 14.6/FO 15.1/Fob 18.0/A2S 20.y/C20N 15.6/021 15.8/0b 14.6/FO 

Max/Stea 18.3/XO 21.3/XO 20.7/XO 21./IXO 22.5/X 21.4/XO 20.G/XO 22.5/XO 

Mean 15.7 15.5 16.2 19.4 20.9 16.1 16.6 17.2 

Std Dev 0.64 1.04 0.87 0.88 0.49 0.12 0.79 0.79 

Mid-Depth Min/Sta 14.6/C4Nb 14.4/F14N 15.0/D2Nb 18.0/E2S 17.9/E2s 15.G/E21b 15.5/A2S 14.4/Fl4N 

Ma/Sta 15.4/All 15.6/.0 16.8/Al 20.9/.0 20.9/C6N 16.8/A2N 17.0/B.5Nb 20.9/0b 

Mean 14.9 14.9 15.7 18.8 20.3 15.9 16.0 16.6 

Std Dev 0.26 0.30 0.47 0.55 0.56 0.19 0.36 0.38 

Bottoe Min/Sta 14.4/F14N 13.6/FO 12.6/FO 12.9/F14N 15.4/FO 15.2/E2Sb 14.7/E2N 12.6/FO 

Max/Sta 15.7/A2N 16.0/AlN 16.9/AINb 19.6/B.5S 20.8/Al 16.B/A2N 17.0/AlN 20.8/AO 

Mean 14.8 14.6 14.6 16.8 17.9 15.7 15.3 15.6 

Std Do 0.26 0.52 1.04 1.86 1.50 0.27 0.46 0.84 

rparatiol 6 

Stat inlS Surface Min/Sta 14.7/H0 14.4/,ll 14.1/,25 17.8/M4N 19.6/M2l 15.9/F2 NSb 15.7/F24Sb 14.1/M25 

Mae/Sta 15.5/F2N 15:6/F24S 16.8/F20N 19.7/F245b 21.3/F24S 16.9/F22Sb 16.4/F20N 21.3/F24S 

Mean 14.9 14.7 15.1 18.4 20.2 16.3 16.0 16.5 

Itd Dev 0.17 0.36 0.69 0.60 0.52 0.31 0.26 0.42 

Mid-Depth Min/Sta 14.7/Ob 14.3/H25b 13.4/M2S 17.5/114N 18.2/M2N 15.4/J45 15.7/F2Sb 13.4/M25 

Mao/sta 15.2/F14Sb 15.1/F245b 15.9/F26S 19.3/F20N 20.0/F22S 16.9/F225b 16.4/F20N 20.8/F22S 

Moan 14.8 14.5 14.8 18.2 19.6 16.2 15.8 16.3 

ltd Deo 0.15 0.24 0.67 0.41 0.60 -0.38 0.26 0.39 

Bottom Min/Sta 14.2/M8N 11.9/MBN 11.2/M2Nb 10.8/M8N Il.9/M8N 12.5/M8N 14.7/F2N 10.8/MAN 

Max/Sta 15.0/F245b 14.6/F24Sb 13.6/F21b 14.6/P145 16.6/F2N 15.5/F241 15.6/F20N 16.6/F2N 

Mean 14.6 13.2 12.4 12.3 13.9 14.1 15.1 13.7 

Std Dev 0.21 0.77 0.78 0.95 1.45 1.11 0.27 0.80 

aMinm omimm otemerature and station were neaoured.  

b Minimum or maximum observed at more than one station; valuerclosest to discharge preoented.
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Table 1-2. Yearly mean and range of surface, mid-depth, and bottom temperature 
(C) at each station.  

Surfate 4 Meters -Btte 

Station Mi/Survey x/Survey an + Std Den Min/Survey Max/Survey Mean + Std ev Mis/Survey Max/Survey Mean Std Den 

A2N 15.9/Jan 21.6/Sep 17.4 + 1.93 a a a 15.8/Men 21.5/Sep 17.1 + 2.72 
15 iS.0/5v 7 1.0/sep 07.5 1.65 a a / 15.1n 20 /Sep6 +97 

5 15/Mar 2108/Sep 17.2 1 a a 14.7/Jan 20.e/Sp 17.1 7 1.7 
BIS 15.5/Mar 20.5/Sep 16.0 + 1.94 15.2/Jan 20.3/Sep 16.9 + 1a9 15.1/Jan 19.2/Jul 16.5 7 1i6 

B2S 05.1/Jan 206/Sep 16.9 ± 1.69 05.1/Mar 20.1/Sep 06.2 n 1.49 14.0/M 20.0/Sep 16.2 _ 1.4 
A4S 15.4/Man 20.7/Sep 17.1 + 1.44 15.7/Jan 20.6/sep 16.9 + 1.90 15.1/Mar 18.0/Sul 16.0 e 1.94 
ABSS 15.5/Jan 21/Sep 17.e a 2.01 a a. 15.1/Jan 20./Sep 16.0 a 1.12 

C 16.1/Jan 21.7/Sep 17.7 2.01 14.8/Mar 20.8/Sep 16.8 2.11 14.4/May 17.6/Sep 1S.e e 1.51 
C14N 16.1/Ja 20.6/Sep 17. + 2.01 14.7/Jn 20.1/Sep 16.7 + 1.91 12.4/Mar 197/Sep 16.0 + 1.04 
CBN 151/Jan 28/Sep 17.0 + 2.01 14.7/Jan 20.2/Sep 16.9 + 1.90 13.a/Mar 1I/Sey 16.2 + 1.76 

6N 16.6/Jar 21.9/Sep 1.1 + 1.9 9 47/J 20/sp 17.1 14.6/Sir 19.5/Sep P 1. 1.75 
CeN 15.B/J 7 21.7/Jul 18.2 2.01 15.0/Jan 20.9/Jep 10.2 / 2.25 14.9/Jan 18.6/Jul 16.3 1.47 

C2N 15.0/Mar 2 1/ ep 1 2.01 14./Mar 2sa/Sep 16.4 + 2.1 14.7/Mar 19.6/JSe 16.7 1.73 

COs 14.9/Mar 214/Sep 1 1.7 2.14 10.6/Mar 20.7/Sep 16.4 - 1.94 15.1/Map 18.2/Jul 16.3 4.62 
X2 18'/Mar 22.5/Sep 1.9 1.80 14.1/Man 18./Sup 16.6 e 1.10 14.6/Mar 1975/Se 16.2 7 1.74 

B4S 15.4/Mar 20.4/Sep 12.0 + 1.10 15.5/Jan no.0/sap 16.a 7 1.64 14.9/May 18.6/Jul 15.7 n 1.07 
CBS 15.5/Mar 21.3/Sep 17.2 + 0.1 15.0/Jan 2.5/Sap 16.8 1.92 15.1/Ja 18.2/Jul 16.0 7 1.12 

C10S 15.1/Jan 20.0/sep 16.0 + 1.81 14.2/Jar 20.1/Sap 16.9 7 2:0 11.0/may 17.0/JP 14.9 e 1.14 
E2S 15.8/Mar 20.3/Sep 17.0 a18 14.7/Jan 70.7/Jul 16.7 a 1.99 12.7/nay 16.2/Sep 15.7 1.44 

F20N 15.1/ear 21.1/Sep 17.0 + 2.0 14.1/Mar 20.4/Sep 16.4 + 1.67 12.2/May 15.7/SN 15.0 n 1.63 
C14S 15.1/Jan 21.8/say 17.0 + 2.16 14.6/Jn 11./sp 16.6 a 1.9 13.9/May 18.6/Sp 15.8 e 1.68 
16N 15.2/Mar 2 0/Sey 17.1 1.99 14.6/Jan 20.9/sap 16.6 a 014 13.4/May 18.4/Sep 15.2 n 1.40 

C2N 16.0/Jan 21.2/Sep 11.6. 2.08 14.6/Jan 20.8/Sap 16.3 215 14.1/uy 12.4/Je 15.5 1.23 
CON 1546/Mar 21/sep 12.4 2.12 14.6/Mar 20-0/Sep 16.2 7 2.2 114./M6 1.1/Sep 15.7 7 1.54 
C2 15.6/May 20.4/Sep 17.5 . 2.04 15.2/Ja 20.3/Sep 16.8 + 2.01 1430/Ma 18.3/Ju 15.6 + 1.16 

F0 18.3/Ja 2./Sep 21.0 + 1.12 14.0/Men 10.5/Jop 16.3 + 1.50 14.6/Oa 11.5/Jul 15.7 7 0.14 
02S 15.1/Mar 21.4/Sep 16.7 1.81 15.1/Mar 19./Sap 16.4 1.71 14.5/Mar 17./Jul 15.07 1.0 

HN 15.2/Mnr 27.2/sep 16. 7 .171 15.0/Mar 19.6/sep 16.6 e 1.60 14.5/nal 17.0/Jul 15.5 _ 0.01 
H6S 15.2/Mr 20.1/sep 17.0 2.05 14.3/Jen 20.3/Sep 16.7 e 1.09 14.1/ /Jul 1 5. 6 e 0T 8 

U2S 15.2/Man 21.1/Sep 17.1 + 2.16 1.1/Ja 20.3/Sep 16.6 a 2.06 15.0/Mar 15.0/Jul 15.9 7 1.2 
OiS 15.2/Ja 21:./Sep 17.1 . 2.28 152/a 20./e lt9a .1 50/a 16 .0/Jul 15.9 7 11 

JS 15.2/Jn 21.2/sep 13.2 2.25 15.0/Mar 20.3/Sep 16.9 e 11 11.7 /Jul 1 6.4 1.9 n2515.0/Man no.1/Sep n 2.6 14.9/Ma 20.37/sep 16.6 T 1.98' 15/Mar 1.2 1 1.a 44 

M2NS 15.0/Mar 19./Sep 17.0 2.23 15.0/Man 20.3/sap 16.6 + 1.99 14.6/Man 18.4/Sen 12.3 7 1.30 
2S 15.0/Mar 21.7/Sep 17.0 2.66 15.0/Mar 20.7/Sep 16.9 + 1.99 14.2/Man 16.6/Sep 16.0 n 1.30 OarS nl 15.1/Mar 21.1/Sep 17.70. 2.623 15.1/Man 20.7/sap 17. 1 .41 19./ 16.6Sep 186 a 1.7 

045 15.0/Mar 212sp 17.4 2.73 140/a 70./Sp lt:t 2.06 14.8/Ma l
7

Os 5. 10 
025 14./Mar 2.0/sep 17.2 2.14 18./na 204/ep 7.5 + 2.05 1./a435/e150a11 

00 el 14.1/Mar 20./sep 169 099 1./lan 20./e 16. a.9 13.0/Map 16.8/sep 14.9 a1.63 

M25S 14.9/Mar 20.7/sep 16.63 1320 14.5/May 09.8/sep 16.3 e 1.01 11.9/ael 1643/Sep 14.9 a 0.6 

a" 15.2/Men 20.7Sep 16.6 1.89 15nota 20.2/Sep 1s6.6 a 1.8i 1 4.1/May 13.0/sep 15.1 a0.90 

a4. 14./Mar 21.0/Sep 16.9 + 2.09 147t/Ma- 20.3/Se p 16. e 1.96 13.8/May 16.7/Sep 15.12 1.02 
029 15.0/Ma 20.8/Sep 17.2a 2.06 18.6/Men 20.0/e 114a1.1 1./My 1.0Jl 1.2a12 

02S 4.0Mar 2M1Sp 1. .3 1 .5/a 21./Ju lt0 a .7 1./u 6./e+47e06 
P18 151/an 1.8Se 172 72.6 5.4Mar 21./Sp 1.9 212 2./May 15.8/sep 14.4 0 .25 DO5 15.1/Man 20.2/SeP 16.6 ± 2.02 14.5/Mr 2./e 16. 1.9 125/a 172/e 14.6 a 1.381' 

P2S 18.8/nan ll.l/Sep 16.6 ± 2.06 14.6/5ar 19.5/Sep 1t.3 a3116 1/u 16.6/Sep 14.6 a 1.02 
nO 18. /nan u.1/S p 16.4 7 1.9 14.5 Mar 20 0/sep lt.3 1.91 1 . y 0 . / u 4 6 1 0 

P25 14.8/Mar~~~~~1 204Sp 1.7169 1.5Mar 2./e 03n16 1/u 1t/e 51461.0 P65 150Ma 2.7/Sep 16.6 + 1.9 10.8/san 20.6/Sep 10.5 0.9 13.9/Map 16.0/Sep 146a07 45 15./a 212/e 171±22446Ma 01Sp 1. 1.66 14:./nun 16:./sep 15. ; 0:.2 
N22 15.0/Jan 2I.l/Ser 17.1 ± 2.11 15.0 /Mar 20.8/Sep 10. 2.0 136/u 157/a 147I06 

S26 l 5.1./M_ 210.1/Sep 17.1 ± 2. 14 15./a 2 0.7O/Sep I n 1.9 13./Ma 15.7/e 14. 71.70 
026 14./a 20.2/Sep 16.4 2.17 14.4/a 19.6Sep 16.1 7 1.99 12.53/Juyl 15.0/u 713. 570 

2O 14.4/Mar 20.0/Sap 16.4 .138 14.1/a 195/ Sep0 16.0 7 2.0 2.6Ju 150/a 3 1 SO.4 
J~~~~~e~~ 186/a 200Sp 1.1.0 145nn 1./e 6.3 e 1.98 11.3/J.0 14.4/a 13.0 0.9 

J42 145/a 20:./Sep 16.5 + 2.12 14.4/Man 19.6/e2 63a19 12.0/Jul 14.5/a 11. a7 0.05: 
228 14 .3/earM,. 20.1/Sep 16.4 + 2.10 14.2/May 219.4/n 16.1 a 1.4836 12.0/nay l5.8/JN 13.0 1 .07 

J14/ap 17/a 163u19 164My 16/Sap 16. a 2.0 12./ny 1./Jun 13.2 + 0.69 
J2S 144Ma 2070sy 1. 2 1463/Map 2019.Sp 1. 203 12.2/Mny 15.4/Sun0 1.5 11 

J45 14./n 15.9/Sep l1. 2.0 1./oI5./a 61n202 1./ua49to r36709 
J8514./cy 1.0/ep 16. 1.7 4.4Mar 107/Sp l.1n 169 12.2/Jul 15.0/u 13.6 7 1.412 

M8 14./a 201/Sep 16.6 0.96 14.4/Mar non'/sap 16. n 2.1 104/Ju 42/a 2.y 
Mo15/a 190Sp 0. 0.14 .4.4Ma 1.2/e 16. 7 1.97 10./u 14.4/Jn 12.3 a 1.19 

Mae 14.50/Ma 19.6/Sap 16.4 1.45 144/Man 20.3/SepP 16.13 1.51 1 00.2/u 14.4/Jan 12.3 + 1.09 
MO1./Ma 19.7/Sep 1 6 2 .00 14.1/May l9.

2

/Sap 16.1 a3 1.9 1./Jul 141 /Jan 124 n1.00 
F15 14:.1,u 219.7/Sep 16.3 2.04 134/nay 1./Sep 16.0 2:. 1.3Jl43/a 1257.9 

4: 144/a 19/e 163 20 :36/ea 9./e 1. 2.09 1:1./u 1.4J 12.57 9 

Ma 14.5/e l
9

4/e 1. 199 18/ar 1.2/a 62±10 15Jl 1./a 12.7 n 0 
Mit-asI= ne sa:' ple 6eing evrya.5/:ept.es
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Table 1-3. Monthly mean temperatures VC) and standard deviations at continuous 
temperature stations C22S, C2S, and F2S.  

Station C2S 

Surface Mid-Depth Bottom 

Month Mean S.D. Mean S.D. Mean S.D.  

Jan 14.8 0.75 14.6 0.57 14.7 0.67 
Feb 14.4 0.43 13.7 0.32 13.5 0.38 
Mar 15.0 0.81 14.7 0.92 14 .9a 0.45 
Apr 15.9 1.11 14.9 1.42 14.3 1.31 
May 16.2 1.97 15.1 2.36 14.6 2.34 
Jun 19.60 1.11 17.7 L.21 17.1 1.30 
Jul 19.1. 0.96 17.9 1.46 16 .7 a 1.56 
Aug 20.4 1.50 20.3 1.45 17.9 1.90 
Sep 19.9 2.01 17.7 2.07 16.7 1.70 
Oct 18.2 1.36 16.3 1.31 15.5 1.47 
Nov 15.8 0.63 15.5 0.67 14.7a 0.51 
Dec 15.9 0.48 15.4 0.37 15.1 0.36 

Station C22S 

Surface Mid-Depth Bottom 

Month Mean S.D. Mean S.D. Mean S.D.  

Jan 1 4 . 3 a 0.65 14.50 0.64 14.6 0.62 
Feb 1 3 .8a 0.32 13.40 0.19 13.6 0.40 
Mar 15.3 1.07 a - 14.6a 0.54 
Apr 14.9 1.24 14.00 1.72 13.7 1.13 
May 15.5 1.95 15.9 2.31 14.6 2.44 
Jun 19.0 0.93 17.6 1.23 16.7 1.56 
Jul 19.8 0.78 19.20 0.64 15.9 1.68 
Aug 20.8 1.45 18.4a 1.48 17.0 1.81 
Sep 19.9 2.04 16.50 2.05 15.8 1.46 
Oct 18.0 1.27 16.4 1.92 13.7a 0.32 
Nov 15.7 0.66 15.4 0.76 14.6 0.52 
Dec 15.2 0.33 15.3 0.35 15.0 0.36 

Station F2S 

Surface 15 feet 30 feet Bottom 

Month Mean S.D. Mean S.D. Mean S.D. Mean S.D.  

Jan 14.7 0.61 14.5 0.55 14.3 0.56 14.3 0.62 
Feb 13.7 0.34 13.7 0.34 13.5a 0.18 13.4 0.37 
Mar 14.7 0.69 14.4 1.12 14.3a 0.45 13.6 0.93 
Apr 15.8 0.87 15.0a 1.02 a - 13.1 1.04 
May 16.0a 1.77 16.4a 1.59 15.2a 2.80 13.4 2.14 
Jun 18.8a 0.83 17.7 1.25 18.2 1.58 15-3 1.53 
Jul 19.4 0.81 18.3 1.13 15.8 1.74 14.1 1.15 
Aug 20.8 1.24 19.9 1.71 16.9 1.75 15.2 1.31 
Sep 20.2 1.79 18.8 1.83 1 7 .5a 0.94 16.1 0.82 
Oct 18.4 1.43 17.9 1.51 15.5 1.44 14.4 0.92 
Nov 16.0 0.64 15.4 0.80 15.0 0.79 14.3 0.86 
Dec 15.5 0.47 15.2 0.52 15.2 0.53 14.6 0.61 

d Gaps in continuous temperature for this month.
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Table 1-4. Percent of time that continuous temperature measurements differed by 
more than 1 C.  

Al>(Bl+1.0) Bl>(Al+1.0) A2>(B2+1.0) B2>(A2+1.0) A3>(B3+1.0) B3>(A3+1.0) 

Jan 4.4 0.0 0.0 0.0 0.0 0.0 
Feb 5.5 0.0 0.0 0.0 0.0 0.0 
Mar 5.8 22.8 0.0 0.0 9.3 1.5 
Apr 37.1 0.0 55.9 1.3 25.0 0.7 
May 24.0 0.3 6.1 7.7 5.3 5.4 
Jun 52.2 4.1 12.0 6.1 18.6 1.2 
Jul 0.0 24.1 14.0 0.0 46.6 0.6 
Aug 0.7 11.8 70.0 0.0 47.6 15.2 
Sep 8.4 11.0 20.3 13.9 37.7 5.2 
Oct 11.0 4.5 22.3 21.5 36.0 0.0 
Nov 8.2 3.2 2.4 1.7 0.0 0.0 
Dec 20.7 0.0 0.1 0.0 1.6 0.0 
Avg 14.8 6.8 16.1 4.3 18.2 2.4 

Al> (Cl+1.0) Cl>(Al+1.0) A2, (C2+1.0) C2> (A2+1.0) A3>(C3+1.0) C3> (A3+1.0) 

Jan 7.2 3.8 0.0 0.0 2.0 0.0 
Feb 15.2 0.0 0.0 0.1 0.0 0.0 
Mar 3.0 0.0 4.7 1.8 7.5 0.0 
Apr 3.6 1.1 11.2 9.9 0.0 0.0 
May 12.0 0.0 13.0 4.7 18.4 10.5 
Jun 61.8 1.2 4.1 8.1 11.8 46.2 
Jul 1.8 13.2 4.9 26.5 55.9 1.6 
Aug 2.7 21.6 30.1 8.2 45.4 3.0 
Sep 4.7 15.2 8.5 52.2 58.3 4.2 
Oct 0.3 13.1 0.1 59.6 20.3 19.7 
Nov 0.7 6.7 3.8 3.5 3.3 17.6 
Dec 5.1 0.0 1.2 0.0 2.3 0.3 
Avg 9.8 6.3 9.3 14.5 18.7 7.7 

Where: Al = C2S Surface, A2 = C2S Mid-depth, A3 = C2S Bottom 
B1 = C22S Surface, B2 = C22S Mid-depth, B3 = C22S Bottom 
Cl = F2S Surface, C2 = F2S 4.5 m, C3 = F2S, 9 m
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Table 1-5. Comparison of monthly mean and standard deviation of intake, discharge, 
and surface ambient temperatures ('C).  

Intake Exceeded Surface Ambient 
Intake Discharge Surface Ambient Exceeded Intake Available 

Surface Discharge Minus Minus By More By More Data For 
Ambient Minus Surface Surface Than 1.0 C Than 1.0 C Comparison 

Month Intake Discharge (C22S) Intake Ambient Ambient (e) (1) (1) 

Jan 15.6 0.6 27.3 0.6 14.3 + 0.6 11.7 1.3 13.0 78.9 0.0 30.5 

Feb 15.0 2.4 26.4 + 1. 1 13.8 + 0. 3 11.4 1. 2 12.6 51 .7 0.0 67.4 

Mar 15.5 _ 0.7 26.8 + 0.8 15.3 + 1.1 11.3 0.2 11.5 11.1 10.5 99.0 

Apr 15.8 r 2.3 26.1 + 3.7 14.9 + 1.2 10.3 0.9 11.2a 38.3 6.0 95.1 

May 16.0 + 2.9 27.7 + 2.4 15.5 2.0 11.7 -0.3 11.4 27.4 3.8 98.3 

Jun 18.7 2.2 24.3 + 6.1 19.0 + 0.9 5.6' -0.3 5 . 3a 1.4 22.5 97.0 

Jul 19.0 + .4 31.0 + 1.5 19.8 + 0.8 12.0 -0.8 11.2 1.3 40.6 99.9 

Aug 20.0 + 2.8 31.7 , 1.9 20.8 + 1.4 11.7 -0.8 10.9 2.9 48.3 96.5 

Sep 19.4 + 2.6 26.9 + 5.9 19.9 + 2.0 7 .5' -0. 7 
a 2.8 59.3 88.3 

Oct 17.9 + 2.1 29.9 + 1.6 18.0 + 1.3 12.0 -0.1 11.9 6.9 18.0 99.5 

Nov 16.7 , 2.0 26.7 4 .4 15.7 + 0.7 10.0' 1.0 1 1. 0a 36.6 0.1 94.9 

Dec 16.5 + 0.3 29.2 - 1.6 15.2 0.3 12.7b 1.3 1 4 .01' 82.7 0.0 98.8 

a Plant not at full operation during this period.  
float treatment accounts for hih values.
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The peak occurrence of the two major species of larval atherinids, like 
sciaenids, appeared to be separated by time. Topsmelt reached peak densities in 
the winter months, while grunion reached peak densities during the spring and 
early summer months.  

Clinids were present in the samples throughout most of the year with indi
vidual species attaining maximum population densities during the summer and fall 
months. The temporal distribution of the clinids, giant kelpfish and Neoclinus 
sp. A (equals Clinidae Type B), paralleled one another with maximum population 
density occurring in the summer months, while Gibbonsia sp. A (equals Clinidae 
sp. A) reached maximum density during the period September through November.  

The seasonal distribution of blennies (Hypsoblennius spp.) and gobiesocids, 
specifically California clingfish, were parallel. Both groups were present in the 
samples throughout most of the year and reached maximum density during May and 
June. Minimum density for both groups was recorded from November through March.  

Bothid and pleuronectid flatfish generally attained peak concentrations 
during the fall and winter months, while minimum concentrations occurred during 
the warmer water periods.  

The two major species of flatfish larvae in the study area, California 
halibut (Bothidae) and diamond turbot (Pleuronectidae) both reached maximum 
density from November and December, while lower concentrations were recorded from 
May through July.  

Several minor elements of the ichthyoplankton fauna were restricted in their 
occurrence to a relatively short period. Members of this group of larvae appear 
to be separable into two fractions: 1) cold water forms; and, 2) warm water 
forms. The cold water forms included the families Scorpaenidae and Cottidae.  
Though cottids were collected as early as August, they were most abundant from 
approximately November through March. Scorpaenid larvae first appeared in the 
samples during November and were collected through March.  

Larvae considered as warm water forms were members of the families 
Exocoetidae, Serranidae, Pristipomatidae, Pomacentridae, and Labridae. Larvae 
representing most of these families were collected as early as May, though 
maximum densities did not occur until July or August.  

ESTIMATE OF LARVAL ENTRAINMENT LOSS 

Unit 1 Intake Loss 

Empirical data from the Unit 1 intake were used to estimate the annual 
loss attributable to entrainment. Entrainment losses were estimated using 
four basic assumptions: 1) a representative sample was withdrawn from the intake; 
2) the volume circulated per unit time was consistent and continuous over one 
year; 3) the density and composition of samples collected during the 16 month 
survey were representative of unsampled periods; and 4) entrainment mortality was 
100%.  

The daily loss, as numbers of individuals for each species was calculated 
as: (1) Daily Loss = [Volume circulated/day] [(densityday)(day hours/24 hrs) 

+ (density sunset) (sunset hours/24 hrs) + (density night) (night hours/24 hrs 

+ (density sunrise) (sunrise hours/24 hrs)]/1000 m3 

where daily volume circulated = 1.911 x 106 m3 

density = mean number 1000 m-3 collected during a 
sample period
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day or night hours = proportion of time attributed to 
either period based on 24 hr day 

sunset or sunrise hours = 2/24 = 0.08 

The monthly loss, as numbers of individuals for each species was calculated 

as: 
(2) Monthly loss = (Daily loss)(Dm) 

daily loss = from equation (1) 

D = 50% of the days until the subsequent survey 
+ 50% of the days from the previous survey.  

The monthly loss for March and September 1978 was based on an equal weighting 
of February and April, and August and October 1978, respectively.  

The annual loss, as numbers of individuals for each species was calculated 
as: 

(3) Annual Loss = [(monthly lOssApr-Jul 78) + (monthly lossApr-Jul 79)/2] [4/12] 
+ [(monthly lossAug 78-Mar 79)] [8/12] 

monthly loss = from equation (2) for April-July 1978 and 1979; 
August 1978-March 1979 

For months where two data sets were collected one year apart in time (February, 
March, April, May, June, and July), loss data were averaged. The estimated annual 
entrainment of 25 taxa at Unit 1 is presented in Table 6A-3.  

COMPOSITION OF INTAKE LOSS 

The annual estimate of the number of entrained larvae (based on mean and 
median) at the Unit 1 intake was calculated (Table 6A-3) as 8.75 x 108, based 
on mean, and 7.09 x 108, based on median. Six species and two groups (yolk sac 

Table 6A-3. Annual estimated number of larvae entrained by San Onofre based on 
mean and median, with 95% confidence interval for target species.  

Total fr % Total from % 

Species Common Name Mean (xlO ) Rank Total Median (x10
6 ) Rank Total 

Total larvae 874.9 100.0 708.7 100.0 
Engraulis mordax northern anchovy 462.5+26.2 1 52.9 395.9 1 55.9 

Genyonemus lineatus white croaker 123.3+7.1 2 14.1 111.6 2 15.7 

Seriphus politus queenfish 50.8+33.4 3 5.8 43.4 3 6.1 

unidentified larvae (fragments and mutilated) 46.3 4 5.3 36.7 4 5.1 

yolk sac larvae 43.5 5 5.0 28.5 5 4.0 

Hypsoblennius spp. 30.7 6 3.5 23.3 6 3.3 

llypnus, gberti cheekspot goby 23.0 7 2.6 19.1 7 2.7 

Menticirrhus undulatus corbina 21.5 8 2.5 12.9 8 1.8 

Gibbonsia spp. 12.3 9 1.4 9.1 9 1.3 

Cheilotrema saturnum black croaker 9.0 10 1.0 4.1 11.5 0.6 

Gobiesox rhessodon California clingfish 8.3 11 0.9 5.1 10 0.7 

Anisotremus davidsonii sargo 7.4 12 0.8 0 23.5 0 

Atherinidae, unid. 6.9 13 0.8 4.1 11.5 0.6 
Heterostichus rostratus giant kelpfish 5.8 14 0.7 2.3 14 0.3 
Paralabrax clathratus kelp bass 4.6 15 0.5 1.9 16 0.3 
Paralichthys californicus/ California halibut/ 
Xystreurys liolepis fantail sole 4.1 16 0.5 3.4 13 0.5 
Typhlogobius californiensis blind goby 3.7 17 0.4 2.0 15 0.3 

Lepidogobius lepidus bay goby 3.2 18 0.4 1.3 18 0.2 

Hypsopsetta guttulata diamond turbot 2.8 19 0.3 1.8 17 0.3 

Citharichthys spp. 1.3 20 0.1 1.0 19.5 0.1 

Leuresthes tenuis California grunion 1.2 21 0.1 1.0 19.5 0.1 

Paraclinus integripinnis reef finspot 1.0 22 0.1 0 23.5 0 
Trachurus symmetricus jack mackerel 0.6 23.5 0.1 0 23.5 0 

Peprilus simillimus Pacific butterfish 0.6 23.5 0.1 0.2 21 0 

Paralabrax nebulifer barred sand bass 0.5 25 0.1 0 23.5 0
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and unidentified larvae) represented 91.7 and 94.6% of.the total annual entrain
ment loss as calculated by mean and median, respectively.  

Northern anchovy was the most abundantly entrained species, representing 
over 50% of the total annual loss. Highest entrainment losses occurred in March, 
April, February, December, and January (Figures 6A-11 and 12). Nearly twice as many 
northern anchovy were collected at night than during day or either crepuscular 
period. Unidentified larvae, represented as either fragmented or mutilated 
larvae, were ranked fourth by mean (5.3%) and median (5.1%). This group was 
probably composed primarily of northern anchovy.  

White croaker, the second most abundant larva entrained by Unit 1, repre
sented 14.1% by mean and 15.7% by median of the annual loss. Maximum entrainment 
occurred between December and May and during August, with relatively few indi
viduals collected from June, July, October, and November (Figures 6A-11 and 12).  
Comparable numbers of larval white croaker were entrained during the day and 
night, with fewer entrained at sunrise. The majority of larval white croaker were 
collected at sunset.  

Queenfish, the third most abundant larva entrained by Unit 1, represented 
5.8% by mean and 6.1% by median of the annual loss. Entrainment of larval 
queenfish occurred only between March and October, with maximum entrainment in 
July (Figures 6A-11 and 12). Nearly three times as many queenfish were entrained 
at night and during sunrise than during the day or sunset periods.  

Yolk sac larva was ranked fifth in terms of annual entrainment loss based 
on mean (5.0%) and median (4.0%). Most larvae were entrained in August (mainly 
white croaker and some queenfish), January (mostly white croaker), and April 
(equal numbers of white croaker and queenfish).  

The blenny complex was the sixth most abundantly entrained group (3.5% by 
mean and 3.3% by median). Highest entrainment losses occurred from April through 
October, corresponding to the reported spawning times for the three species 
(Stephens 1970). Entrainment losses occurred mainly during the day and night 
periods.  

The cheekspot goby was the seventh most abundantly entrained larva at Unit 1 
(2.6% by mean and 2.7% by median). Highest entrainment occurred in March and June 
with a nearly equal monthly entrainment loss over the remainder of the year.  
Entrainment was similar for all periods, except sunset which was lower.  

California corbina was the eighth most abundantly entrained larva by mean 
(2.5%) and seventh by median (1.8%). All larval corbina were entrained during the 
August 1978 day and night sampling periods. However, data from September 1979 
316(b) studies indicated substantial entrainment of larval corbina.  

Factors Influencing Estimate of Larval Entrainment 

There were several factors which influenced the estimate of entrainment 
effects: 1) the 100% mortality assumption; 2) the overestimate of intake larval 
loss at Unit 1 because circulation pumps did not operate throughout the entire 
study; 3) immigration and emmigration of larval populations and adult spawning 
aggregations; and 4) natural compensatory mechanisms.  

If the transit mortality and subsequent delayed effects on ichthyoplankton 
were less than 100%, the current estimates need be adjusted to reflect actual 
loss. If mortality were 50 or 75%, then larval loss would be directly propor
tional and reduced by a factor of one-half to one-quarter, respectively. Since no 
estimates of through-plant mortality were available, we made the conservative 
estimate of 100% mortality.
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Figure 6A-12. Median daily loss of target species at the Unit 1 intake.  

The annual estimate of loss at the Unit 1 intake was based on the assumption 
of continuous circulating pump operation. However, the pumps were not operational 
from late September through October 1978. In addition, there were other periods 
of the year when the pumps operated at only 50% capacity. Again, our estimate of 
intake loss was highly conservative. The time of year and duration of decreased 
circulation will influence the estimate of intake larval loss.  

The effects of immigration and emmigration, whether passive in the ichthyo
plankton or active in schools of spawning adults, will influence the estimate of 
larval entrainment loss. The pattern of entrainment was regulated by the current 
regime and other physical processes which continuously move a nearshore larval 
resource past the intakes. For our purpose the number of entrained larvae 
was assumed to reflect historical spawning patterns and the result of egg and 
larval transport.  

San Onofre intakes mimic natural predation and other sources of larval 
mortality, e.g. limits in food availability. Cushing (1974) developed modelis of 
density dependent relations between spawning stock and recruitment of young-of
the-year with a mechanism of density dependent mortality during larval drift.  
Under such circumstances, increased mortality may actually increase subsequent 
survivorship for remaining members of a population. Conversely, MacCalls' (1979) 
analyses of historic Pacific sardine data indicate that density independent 
relationships between spawning stock and recruitment may occur in other marine 
species. For larvae, the mechanism determining this independence may be that 
oceanographic factors,which are patchy in time and space, control survival. This 
is apparently the case for northern anchovy larvae (Smith and Lasker 1978).  
MacCalls' model recreated annual population age compositions based on spawning 
and natural mortality rates as they historically varied from year to year. The 
result was that the population will recruit successfully under different fishing 
pressures, as long as a certain minimal spawning biomass Jis maintained. Thus, for 
this type of population, control of recruitment is not strongly dependent on egg 
or larval numbers above a minimal threshold. Further, increases in mortality, 
within limits, will have little adverse influence on recruitment. Considering
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that larval entrainment losses would translate to relatively minor adult losses 
by comparison with fishing pressure, it is unlikely that these losses will 
adversely influence the maintenance of entrained species.  

RELATIONSHIP OF INTAKE AND NEARSHORE ICHTHYOPLANKTON 

It may be demonstrated that differential size-selective entrainment of 
ichthyoplankton occurs at the Unit 1 intake. That is, the intake may selec
tively entrain specific size classes of target species which may be associated 
with specific levels of the water column.  

It was previously demonstrated that the sampling position within the Unit 1 
intake (standpipe) was biologically representative of ichthyoplankton collected 
from a known point (IUD) of completely mixed intake water (Schlotterbeck et al.  
1979a). Non-parametric tests of data from ten size classes of four larval species 
indicated that the standpipe was equal to or a more effective sampler than the 
IUD. If the standpipe is collecting a representative sample of ichthyoplankton 
entering the intake, then the relationships of intake and nearshore samples may 
provide evidence of size selective entrainment which will influence the loss of 
potential adult biomass.  

Size-selective entrainment was established for northern anchovy (Figure 
6A-13a). Entrainment concentrations ranged from 40 to 80% of concentrations 
collected at Station T1 (adjacent to Unit 1 intake) for size classes up to 12 mm.  
However, intake concentrations of northern anchovy larvae larger than 12 mm were 
substantially greater than average Station Ti concentrations, which were inte
grated over the water column. Intake concentrations were 8.5 and 7.1 times 
greater than Station T1 concentrations for the 21 to 24 and 24 to 27 mm size 
classes, respectively (Figure 6A-13a). The source of this difference may be 
associated with net avoidance of larger northern anchovy in the nearshore collec
tions, and/or the entrainment of a substantial volume from a vertical stratum of 
water containing larger and older larvae.  

A plot of the concentrations of northern anchovy by size class for the 
neuston, midwater, and epibenthos (Figure 6A-13a) shows that larvae less than 6 
mm dominate the neuston and midwater, while larvae from 6 to 15 mm generally 
occur in the midwater and epibenthos. Northern anchovy larvae from 15 to 27 mm 
are stronalv epibenthic. At 27 to 30 mm, northern anchovy become polarized to the 
neustonic and epibenthic layers. Intake entrainment is influenced by all three 
vertical water column strata. The intake appears a highly biased entrainer 
of northern anchovy in the 18 to 27 mm size classes. The indication of greater 
concentrations of 18 to 27 mm northern anchovy larvae in intake samples than in 
either neustonic, midwater or epibenthic samples demonstrates that the distribu
tions of larvae within these three vertical strata of the water column are not 
homogeneous, nor are substrata of each of the three levels equally entrained.  
It is hypothesized that the concentration of 18 to 27 mm northern anchovy larvae 
is greater within a substratum of the midwater. This substratum is subject to 
greater probability of entrainment than the average probability of entrainment 
for the midwater as a whole.  

The plot of a comparative index, loglo [Intake night/T-1 net] (Figure 
6A-13b) demonstrates a strong association of intake collections with a combina
tion of midwater and epibenthic strata for larvae less than 6 mm. The apparent 
similarity of neustonic concentrations with the . intake for the 0-6 mm size 
classes is considered a relic of the interaction of high midwater concentrations 
and low epibenthic concentrations. An increasing intake-epibenthic affinity is 
demonstrated for northern anchovy larvae larger than 6 mm. The apparent in
creasing neustonic-intake similarity for 21-30 mm larvae is due to increasing
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Figure 6A-13. Mean intake andStation T1 -concentration and logl0 [Intakenightff-1] 
plots for northern anchovy (a and b), white croaker (c and d), and queen
fish (e and f).  

concentrations of larger northern anchovy larvae in the neuston becoming equal to 
and then exceeding the concentrations in the strata of entrained water, and 
not likely due to significant entrainment of neustonic water.  

If the intake is considered as a sanpling gear, with an effective mouth 
opening that entrains a subset of midwater and epibenthic strata, then one may use the increased sampling effort of the intake to further elucidate vertical
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Figure 6A-14. Mean intake and Station T1 neuston, midwater, and epibenthos concen
trations and loglo [ Intakenight/T-1net ] plots for northern anchovy (a 
and b), white croaker (c and d), and queenfish (e and f).  

distribution trends during larval development. A comparison of the patterns of 
neuston, midwater, epibenthic and intake concentrations (Figure 6A-13a) demon
strates an initial epibenthic migration of newly hatched northern anchovy 
larvae, followed by a subsequent return of many 21 to 30 mm larvae to the 
neuston. If one assumes equilibrium conditions, the approximately exponential
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decrease of the midwater concentrations of 9 to 27 mm northern anchovy larvae and 
15 to 27 mm epibenthic larvae may be considered as an approximate natural mortal
ity rate for these stages. Downward deviations from these natural mortality 
slopes then represent emmigration from a vertical stratum and upward deviations 
represent immigration to a stratum, and the relative magnitudes of the devia
tions should reflect the relative magnitudes of the vertical migrations. Data for 
the 0 to 3 mm size class is expected to represent an underestimate of the 
smaller larvae compared to estimates for larger larvae. Because northern anchovy 
larvae hatch at approximately 2.7 mm, their residence time in this size class 
is significantly less than for other classes, resulting in a lower probability of 
collection within the 0 to 3 mm size class. Figure 6A-13a presents a scenario of 
northern anchovies hatching at elevated concentrations in the neuston and upper 
midwater strata. These larvae migrate downward from the neuston into the midwater 
and older larvae move toward the epibenthic layer. For 9 to 27 mm size classes, 
the midwater, as a whole, reaches an approximate equilibrium; however, the 
continued downward migration of larvae is evident by the increasing concentra
tions of larger larvae in intake samples. By 15 to 18 mm, northern anchovy 
concentrations in the epibenthos reach an approximate equilibrium; but increasing 
concentrations in intake samples represent even greater abundances of the 18 to 
24 mm larvae above the epibenthos in the lower midwater depths. Increasing 
concentrations of 18 to 24 mm larvae in the neuston represent an upward vertical 
migration for northern anchovy larvae, providing a polarization of larval concen
trations at both the lower midwater and neuston. Finally, decreased larval 
concentrations in the midwater and epibenthos and a decrease in apparent mortal
ity of neustonic larvae for the 27 to 30 mm size class provide evidence of the 
continued upward migration of northern anchovy larvae as they approach the 
juvenile stage.  

Entrainment of white croaker larvae were more representative of nearshore 
collections than were northern anchovy (Figure 6A-14c). Intake concentrations 
were greater than nearshore concentrations only in the 3 to 9 mm size classes.  
The difference was 1.6 and 1.5 times the nearshore concentration for the 3 to 6 
and 6 to 9 mm size classes, respectively (Figure 6A-14c). A log plot of the 
comparative index for the intake and nearshore concentrations by net type (Figure 
6A-13d) indicates that midwater samples were generally most representative of 
intake collections, although the trend of intake collections is strongly influ
enced by epibenthic concentrations. White croaker are strongly associated with 
the epibenthos after 3 mm (yolk sac larvae are common in the neuston and mid
water), and are almost entirely epibenthic after 6 mm (Figure 6A-13c). The plot 
of loglo [Intake ight/T-1net] (Figure 6A-13d) clearly indicates that intake 
samples are close y associated with midwater concentrations. Because older white 
croaker larvae were not entrained by the Unit 1 intake the effect in loss of 
potential adult biomass is small.  

Again, Figure 6A-13c may be considered to represent four sampling devices 
for the purpose of elucidating trends of vertical larval distribution. The 
relative straightness of most of the lines may be considered to represent an 
approximate linear trend of vertical migration during the larval development 
of white croaker. Highest concentrations of white croaker hatch in the upper 
midwater and neuston and immediately begin an epibenthic migration. The larvae 
dominantly occur in the lower midwater and epibenthos by 3 to 6 mm. The 
decreasing slopes of the midwater, intake, and epibenthic concentrations, 
respectively, for the larger larvae represent a continued, almost constant 
downward migration of white croaker larvae with time. The natural mortality rate 
would be represented by a slope intermediate to the slopes for the various water 
column strata.  

Queenfish entrainment was generally representative of nearshore concen
trations (Figure 6A-13e). Intake concentrations were greater than nearshore
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concentrations in the 3 to 6, 18 to 21, and 21 to 24 mm size classes. Although 
the difference was less than one individual 1000 m-3 for the latter two size 
classes intake concentrations were 3.1 and 2.7 times greater than nearshore 
concentrations, respectively (Figure 6A-14e). The log plot of intake and near
shore concentrations (Figure 6A-13e) indicates that intake samples are strongly 
influenced by the midwater and epibenthos. No larvae greater than 9 mm and 18 
mm were collected in the neuston and midwater, respectively. The plot, logl0 
[Intakeniyht/T-1net] (Figure 6A-13f) indicates that intake concentrations are 
most simi ar to midwater concentrations from 3 to 12 and 15 to 18 mm size classes 

and most similar to the epibenthos in the 0 to 3, 12 to 15, and 18 to 24 mm size 
classes. Substantially more older queenfish larvae were entrained than white.  
croaker, and this effect was especially noticeable from 6 to 12 mm. Generally, 
the smaller size classes of both croakers were entrained and this results in less 

potential impact to the adult population.  

Queenfish appear to have a similar vertical migration pattern as white 
croaker (Figure 6A-13e). The greatest concentration of queenfish larvae hatch in 
the neustonic and upper midwater. A relatively constant epibenthic migration of 

queenfish larvae, similar to that of white croaker, immediately follows hatching.  
At 15 to 24 mm, it appears that *queenfish larvae become more strongly epibenthic.  
Increasing concentration of 12 to 24 mm queenfish larvae in the lower midwater 
and epibenthic region results in greater entrainment of these size classes. The 
absence of queenfish larvae larger than 24 mm is likely a result of net avoidance 

and/or chance, due to the extremely low concentration of preceeding size classes 
and the resultant low probability of capture based on sampled volumes.  

SUMMARY 

1. An ichthyoplankton investigation was conducted near the San Onofre 
Nuclear Generating Station from August 1977 through July 1979 as a 
special activity of the preoperational monitoring program for Units 2 
and 3.  

2. Samples of entrained ichthyoplankton were pumped from the Unit 1 intake 
riser via a 3 m standpipe. Intake samples were collected once each month 
during a 24 hr period.  

3. Concurrent nearshore ichthyoplankton samples were collected from the 
neuston by Manta net, the midwater by Bongo net, and the epibenthos by 
Auriga net.  

4. Twenty-five taxa comprised 99.9% of the intake collections. The dominant 
species were Engraulis mordax, northern anchovy (52.9%), Genyonemus 
lineatus, white croaker (14.1%), and Seriphus politus, queenfish (5.8%).  

5. Estimates indicated that Unit 1 annually entrained about 900 million 
larvae.  

6. Size selective entrainment was established for each target species.  
Maximum entrainment was from 9 to 21 mm for northern anchovy, 0 to 9 mm 
for queenfish and white croaker.  

7. A comparison of intake and nearshore ichthyoplankton samples indicated 
that water entrained by the Unit 1 intake is biologically representative 
of the midwater, with occasional strong influences from the epibenthos.  

8. The annual effect of intake losses on nearshore populations was 
considered conservative because: 1) the 100% mortality assumption; 
2) circulation pumps did not operate continuously; and 3) natural 
compensatory processes.
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CHAPTER 6B 

ADULT FISH FIELD STUDY 

INTRODUCTION 

The marine monitoring studies reported in this chapter are being conducted to 
meet objectives approved by the Nuclear Regulatory Commission (NRC) as specified 
in the Environmental Technical Specifications (ETS), Docket No. 50-206, Sections 
3.12a (1) General Ecological Survey for San Onofre Nuclear Generating Station 
(SONGS) Unit 1 and the Preoperational Monitoring Program (PMP) for SONGS Units 2 
and 3. Broadly stated, the ETS objective is to determine the effects of SONGS 
Unit 1 on the marine fish resources in the vicinity of the generating station.  
The objective of the PMP is to provide a baseline to determine the possible 
effects of SONGS Units 2 and 3 on the species composition, distribution, and 
abundance of fish inhabiting the receiving waters offshore of the generating 
station. These studies are also being conducted in compliance with the National 
Pollutant Discharge Elimination System (NPDES) permit for SONGS Unit 1 which 
requires that results be reported to the California Regional Water Quality 
Control Board (CRWQCB), San Diego Region and the regional office of the Environ
mental Protection Agency.  

All 1979 biological data analyzed in this report are presented in Volume IV 
of the Annual Operating Report, San Onofre Nuclear Generating Station-Biological 
Data 1979 (SCE 1980d). Physical data analyzed in this report are contained in 
Volume I of the 1979 Annual Operating Report (SCE 1980a).  

APPROACH 

The analysis of fish data treats seasonal variability of the fish community 
offshore of SONGS so as to develop a qualitative model of the system of fish and 
their environment. This model relates to the fish community and to populations 
of select fish species. Elements of the fish community include variation in spe
cies composition, abundance, and fish feeding guilds; elements of fish species 
populations include variation of numerical abundance, size (age) structure, sex 
composition, and ovarian development. Variation in these elements at the com
munity and population levels is examined temporally and spatially within the 
potential area of influence and reference areas. The possible relationship bet
ween variation in biological factors and variation in hydrographic and climatic 
factors is also examined.  

BACKGROUND 

Fish sampling offshore SONGS has evolved from early semi-quantitative visual 
observations by divers to quantitative multi-gear sampling techniques. Quanti
tative data on fish populations prior to SONGS Unit 1 operation is limited.  
Visual observations by divers from 1963 to 1968 produced a species list con
sisting of demersal species (Hickman 1973). Similar observations were made 
during the initial operation of Unit 1, although they were often limited due to 
turbid water.  

Short term studies using samples caught by gill nets and otter trawls during 
late 1972 and early 1973 (Hickman 1973) constituted the first quantitative
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assessment of SONGS fish populations. The gill nets set near SONGS produced 
minimal information due to the short fishing period (1 h). Randomly placed 
10 min otter trawls conducted in 1972 demonstrated the high variability of 
catches from fish populations in the SONGS area (Hickman 1973) and provided the 
necessary abundance and length frequency data for a more complete description of 
fish populations.  

In March 1975 the ETS gill net sampling program began. This sampling program 
included quarterly survey periods, use of experimental gill nets with panels of 
various mesh sizes, and replicate sampling. Study sites included stations within 
the potential area of influence of SONGS, (Zone OA) and a reference area near Don 
Light, approximately 7 km downcoast of SONGS (Zone 6; Figure 68-1).  

Preliminary surveys conducted in March 1978 evaluated the use of otter trawls 
off San Onofre, determined the number of replicate otter trawl and gill net 
samples needed for a given level of sampling precision, and established an 
upcoast reference area. These findings were subsequently incorporated into the 
PMP beginning April 1978.  

METHODS 

A detailed description of station locations and field methodology is given in 
ETS Fish Survey Procedures (SDE R&D/LCMR, procedures EMP 25-5-35) and PMP Fish 
Survey procedures (SCE R&D/LCMR, procedures N-1-1/79). A general review of these 
procedures is presented below.  

FIELD 

The field sampling strategy is a "restricted systematic design". In this 
design sampling sites are predetermined and it is assumed that the fish randomize 
themselves by moving in complex patterns relative to the sampling site (Venrick 
1978).  

A total of 14 gill net stations were established at three sites: 1) in an 
upcoast (San Mateo Point - Zones 3A, 3B) reference area; 2) an area directly 
offshore of SONGS Units 1, 2, and 3 (SONGS - Zones OA, OB); and 3) a downcoast 
(Don Light - Zone 6) reference area (Figure 6B-1). Each gill net station con
sists of a pair of identical Marinovich experimental monofilament gill nets for 
replicate sampling. Each net measures 45.7-m long, 1.8-m deep, and contains six 
7.6-m panels with the following sizes of bar mesh: 22, 25, 38, 46, 53, and 76 
mm. All nets are set perpendicular to the shoreline over mostly cobble substrata 
and are retrieved after 24 h. The fishing period encompasses both dusk and dawn, 
the periods of greatest fish activity. Eight of the 14 stations (Stations 1, 2, 
3, 6, 7, 8, 11, and 12) are located on the 9.1-m (30-ft) isobath. The remaining 
six stations (Stations 4, 5, 9, 10, 13, and 14) are located on the 13.7-m (45-ft) 
isobath (Figure 68-1). Station 3 is located within 50 m of the SONGS Unit 1 
discharge and Station 6 is located approximately 2 km downcoast of Stations 7 and 
8 (Figure 6B-1).  

Otter trawls are used to collect samples over sand substrata at nine stations 
at depths of 6.1, 12.2, and 18.3 m (20, 40 and 60 ft) in Zones 6, 2A, OB, 3A, 
and 5 (Figure 6B-1). A 7.6-m (25-ft) semi-balloon otter trawl is used to make 
two sequential 5-min trawls per day at each station on two consecutive days 
during daylight hours (18 trawls/day for a total of 36 trawls/survey). Paired 
trawls at a station are considered as replicates. Trawl samples are collected 
during the same period that gill nets are fished. Trawl stations are located at
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sites over sandy bottom in the same general areas as gill nets. Station sites 

were established to provide data for assessing the present effects of the SONGS 

Unit 1 discharge, as well as to provide baseline data for assessing possible 
future operational effects of Units 2 and 3.  

Temperature and light transmissivity are measured daily at 1-m depth inter
val s from the surface to the bottom for the two days of the survey at each 
cluster of gill nets set at 9.1-m and 13.7-m.  

Sampling with gill nets and otter trawls is conducted bimonthly. In 1979, 
combined ETS and PMP surveys were conducted on 15-16 February, 17-18 April, 27-28 
June, 26-27 August, 16-17 October, and 12-13 December.  

Laboratory 

All fishes collected in gill net and otter trawl samples are identified, 
counted, and visually inspected for anomalies, diseases, and parasites. With the 
onset of the combined program in 1978 (LCMR 1978c), a group of select fish spe
cies has been studied more intensively. These species were selected because of 
their numerical dominance in SONGS Unit 1 impingement samples, their abundance 
offshore, and/or because of their value to local sport and commercial fisheries.  
The following is a list of the species selected.  

Cynoscion nobilis - White seabass 
Genyonemus lineatus - White croaker 
Hyperprosopon argenteum - Walleye surfperch 
Paralabrax clathratus - Kelp bass 
Paralabrax maculatofasciatus - Spotted sand bass 
Paralabrax nebulifer - Barred sand bass 
Paralichthys californicus - California halihut 
Roncador stearnsii - Spotfin croaker 
Seriphus politus - Queenfish 

Select species are identified, enumerated, measured, and sexed. Standard lengths 
(tip of the snout to the end of the vertebral column) of a maximum of 125 ran
domly selected individuals per species from each gill net and otter trawl sample 
are measured. A random subset of no more than 50 individuals per species are 

sexed (male, female, juvenile, indeterminate) by examining their gonads or by 
noting obvious secondary sexual characteristics. Indeterminate are defined as 
fish having recently spawned or are damaged such that sex cannot be determined.  
A maximum of 10 female Seriphus pltu and 10 female Gen onemus lineatus per net 
are subsampled for gonosomatic ~inid7-I- alysis. Gonad and tota body wet weights 
are determined for each subsampled female with gonad weight divided by total body 
weight to calculate the index on a survey, area, depth, and gear basis.  

DATA ANALYSIS 

Gill net and otter trawl samples of fish from receiving waters are analyzed 
at community and population levels. Community level analysis evaluates species 

composition and relative abundances; population analysis evaluates abundance, 
size (age) structure, sex composition, and reproductive condition of select spe
cies populations.  

Community level analysis utilizes species composition and relative abundance 
data to define the areas in which fish species live based upon their presence and 
abundance (classification of the fish community; Clifford and Stephenson 1975) 
and to construct feeding guilds (Allen 1974).
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Analyses of offshore samples of selected species include abundance, length 
(age) frequency distributions, sex ratios, and reproductive condition. Abundance 
data are presented as geometric means + 90% confidence limits for gill net and 
otter trawl catches. Original values (x), whose distributions are skewed, are 
transformed to log (x + 1) to compute means and confidence limits, which are con
verted back to antilogs (geometric mean) for graphical presentation. The log (x 
+ 1) transformation minimizes extreme values so variances are no longer corre
lated with means and tend to be homogeneous among samples. Valid use of para
metric statistics, such as comparing means by confidence intervals, assumes that 
distributions of the variates approach normality; i.e., that variances are nearly 
independent of means and are nearly homogeneous. This assumption allows visual 
evaluation of significance by comparing mean abundances by overlap or non-overlap 
of their confidence interval within study areas, between depths, and through 
time.  

Length frequency distributions presented as histograms are used to estimate 
the size (age) structure of the select species populations. Modal length classes 
are compared within areas, between depths, and through time to follow relative 
seasonal variation in recruitment, growth and/or migration of the select 
species.  

Sex ratios of select species are depicted as bar graphs for each depth and 
time within areas. The Chi-square goodness of fit for replicated tests (Sokal 
and Rohlf 1969) is used to test for significant departures from a 50:50 ratio of 
males to females among depths and within areas for each survey in 1979.  

Reproductive condition of Seriphus politus and Genyonemus lineatus are pre
sented as mean gonosomatic indices (bUl) M GSI'menWs are arithmetic means of 
individual GSI's. -Gonosomatic indices are compared within areas, between depths, 
through time using analysis of covariance (ANCOVA; Snedecor and Cochran 1967).  

Physical ocenographic data consists of continuous measurements of surface and 
bottom water temperature along the 9.1-m isobath in the SONGS area (BC 1977, 
1978; SCE 1979a, 1980a). Climatological data, obtained from the National 
Climatic Center, Environmental Data Service, consists of daily wind speed, wave 
height, and barometric pressure measurements from the U.S. Coast Guard station at 
San Mateo Point taken from 1 January 1975 to 21 November 1979. Rainfall data was 
obtained from meteorological observations made by the U.S. Coast Guard, 
Oceanside, California, and the City of Oceanside Fire Department from 1975 to 
1978 and at Lindberg Field Airport, San Diego, California for 1979. In order to 
isolate and identify significant short-term, oceanographic and climatic fluc
tuations (storms, upwelling) from a long time-series (1975 to 1979) climatologi
cal data (wind speed, wave height, barometric pressure) are analyzed via six-day 
moving averages. Total gill net catch and gill net catch of Seriphus politus 
from 1975 to 1979 are stratified by storm, non-storm, upwelling and non-upwelling 
periods. Comparisons of total and Seriphus gill net catch among these periods 
are made using a t-test assuming unequal variances (Walpole and Myers 1972).  

RESULTS 

POPULATION ANALYSES 

Seriphus politus (Queenfish) 

Abundance. Geometric mean abundance and 90% confidence limits for queenfish 
(Seriphus politus) collected in gill nets and otter trawls at San Mateo Point
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upcoast control site), San Onofre (SONGS treatment site), and Don Light 
downcoast control site) are presented in Figures 68-2 through 6B-5.  

1 1 lI lI 1 i I I (1 I I I I l i l i 1 1 I I I I I l I l l i 

100 - 0 SONGS 
o Don Light 
6 San Mateo Pt 

Ljj 

!! 10 , 
d/*\ 

+ 

1I I J 1 1 I I I I I I I iI I I ] ' I L

Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec Mar Jun Sep Dec 
1975 1976 1977 1978 1979 

- 4R - 6R -*2R 4R

Figure 6B-2. Geometric mean and 90% confidence limits of Seriphuspolitus captured at 9.1 m gill nets set at 
SONGS and Don Light during the period from 1975 to 1979 and San Mateo Point from 1978 to 
1979. The number of replicates (R) for all means are indicated below the abscissa.  
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Figure 6B3-3. Geometric mean and 90% confidence limits of Seriphus politus captured at 13.7 m in four 
renlicate gill nets et at San Mateo Point, SONGS, and Don Liaht durina 1979.
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Figure 6B-4. Geometric mean and 90% confidence limits for Seriphuspolitus (0), Genyonemus lineatus (0), 
Hyperprosopon argenteum (A), and Phanerodon furcatus (0) from the two replicate gill nets 
set adjacent to the SONGS Unit 1 discharge.  

Seasonal fluctuations in Seriphus abundance, estimated by gill net catches at 
9.1 and 13.7 m, are depicted in Figures 6B-2 and 6B-3. The seasonal abundance 
patterns of Seriphus caught in gill nets set on the 9.1-m isobath in all areas 
were similar in 1978 and 1979. Prior to 1978 the catch of queenfish was 
generally greater in the treatment area compared to the downcoast control site 
(SCE 1979d). Since March 1978, however, more queenfish have generally been 
caught in the downcoast control site. The largest catches of queenfish occurred 
from April through October during both years with peak catches observed in 
October 1978 and August 1979 (Figures 6B-2 thorugh 68-4). The seasonal pattern 
of queenfish catch in gill nets set immediately adjacent to the SONGS Unit 1 
discharge station (9.1 m) has not changed appreciably over the past two years, 
even though decreased catches occurred in all other sampling locations in 
December of both years (Figure 6B-4).  

Gill net catches of Seriphus during 1978 and 1979 at the offshore (13.7-m) 
isobath followed the post-March 1978 pattern (Figure 6B-3). Offshore catches 
during 1978 were uniform until December when catches drastically declined. In 
1979 peak queenfish catch occurred in April and was variable for the remainder of 
the year (Figure 6B-3).  

Mean catch of Seriphus politus collected by otter trawls over soft bottom 
substratum during 198-19/9 is depicted in Figure 68-5. The greatest number of 
queenfish were caught in trawls fished inshore along the 6.1-m isobath. The 
seasonal catch pattern, i.e., high catches April through October, decreasing 
catches October through December at 6.1 m in 1978-1979, was similar to that for 
inshore gill nets in the treatment and upcoast control areas (Figure 6B-2). This 
pattern was not evident in the downcoast control area along the 6.1-m isobath.  

The number of Seriphus caught in offshore trawls, conducted at the 12.2-m 
isobath, was generally lower than at the 6.1-m isobath throughout 1978-1979 
(Figure 6B-5). Trawls conducted furthest offshore at 18.3 m caught very few 
queenfish during 1979.  

Queenfish showed seasonal movement related to recruitment of young-of-the
year based on otter trawl sampling (Figure 6B-6). In 1978 and 1979 movement into 
the shallow (6.1 m) depths occurred in June or August. Later in the year,
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Figure 613-5. Geometric means and 90% conf idence limits of Seriphuspolitus caught at 6.1, 12.2, and 18.3 m 
in daytime otter trawls conducted at San Mateo Point, SONGS, and Don Light during 1979.  
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offshore movement was evident in October 1978 and August 1979 when large numbers 
of queenfish (mainly juveniles) were caught at the 12.2-m isobath in the treat
ment and downcoast control areas. This pattern was not evident at the upcoast 
control site in either 1978 or 1979.  

Length Frequency. Seri phus politus length frequency distributions derived 
from gill net and otter trawl samples are presented in SCE (1980d, p. 1I 57-83).  

Seriphus collected in gill nets set on the 9.1-m isobath exhibited bimodal 
lengt Trequency distributions in all areas throughout 1979. The length fre
quency structure of Seriphus caught in gill nets set at 9.1 m indicated that 
males comprised a 125-150 mm SL size group while females comprised a 160-195 mm 
SL size group, in all areas. Generally, the largest fish caught were females.  

Gill nets set offshore on the 13.7-m isobath during February and April also 
caught queenfish with bimodal size distributions in all areas. After April 1979, 
however, few Seriphus were caught in gill nets set on the 13.7-m isobath.  

Queenfish length frequency distributions represented by otter trawl catches 
consisted largely of juveniles ranging between 15-120 mm SL. Adult male and 
female Seriphus caught in otter trawls had size ranges similar to those collected 
by gill nets in all areas. The greatest number of juveniles were caught at the 
6.1-m isobath in the treatment and downcoast control sites.  

Sex Composition. The sex ratios of Seriphus politus are illustrated in 
Figure 6b-7 according to area, depth, and sampling ear.  

Analysis of sex composition based on the total annual catch of queenfish 
indicated that significantly (P < 0.05) more females than males were captured in 
gill nets set both inshore (9.1 m) and offshore (13.7 m) in all areas (Figure 
68-7). This pattern was evident during all surveys of 1979 at the upcoast 
control site and in all but the December survey in the treatment area. The down
coast control and SONGS Unit 1 discharge areas displayed this trend only during 
the early spring through late summer surveys.  

The generalized sex composition pattern from annual otter trawl catch data 
from the 6.1-m isobath was similar to that of inshore (9.1 m) gill net catches 
(Figure 6B-7). Significantly (P < 0.05) more females were caught in the fall 
survey (October) in all areas. Trawls in the control areas also contained signi
ficantly more females in the April and August surveys, respectively.  

Otter trawl catches from the 12.2-m isobath were dominated by male queenfish 
during the winter and spring surveys in 1979 (P < 0.05, Figure 68-7). Trawls 
conducted at the treatment area collected significantly (P < 0.05) more males 
during the August and October survey periods as well. Few queenfish were caught 
on the 18.3-m isobath.  

Gonosomatic Index. Seriphus politus caught in gill nets set on the 9.1 and 
13.1-m isobaths and in otter trawIs on the 6.1 and 12.2-m isobaths (Figures 6B-8 
and 9) exhibited a distinct seasonal reproductive pattern based on mean gonoso
matic index (GSI) values. Otter trawls conducted on the 18.3-m isobath caught 
insufficient numbers of queenfish for analysis. The seasonal reproductive pat
tern consisted of an increase in gonad weight relative to total body weight from 
January to April. By June gonad weight decreased rapidly relative to body weight 
and continued to decrease through the summer resulting in low GSI values during 
the fall and winter. The rapidly rising GSI's between February and April suggest 
that gametogenesis was underway, while rapidly decreasing GSI's from April to 
August suggest spawning. Increased variability in GSI values during the spring 
and summer was due to a mixed catch of ripe and spawned queenfish females.
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Figure 6B-6. Length frequency histograms of Seriphuspolitus collected at 6.1, 12.2, and 18.3 m in daytime 
otter trawis conducted at San Mateo Point, SONGS, and Don Light (combined) during 1978
1979. Juveniles (<120 mm SL) are half-shaded. n = number of juveniles, * = no individuals 
caught.
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Figure 6B-8. Gonosomatic indices (gonad wet weight/total body wet weight X 100) of female Seriphuspolitus 
collected by gill net on the 9.1 and 13.7 m isobath at San Mateo Point, SONGS, and Don Light 
during 1979.
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Light during 1979.
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No significant temporal shifts in this reproductive pattern were discernible 
between areas or depths, but differences did occur in the magnitude of the GSI 
estimates observed. Mean GSI values generated from gill net catches at the SONGS 
Unit 1 discharge during June and August were significantly (P < 0.05) lower than 
other catches from the 9.1-m isobath (Figure 6B-8).  

Analysis of covariance and Student-Newman-Keuls multiple range tests (Sokal 
and Rohlf 1969) were used to test for other significantly different spatial pat
terns. in queenfish gonad weight. Comparisons of gonad weights from gill net 
samples arranged by depth within each area detected no significant differences 
between depths, thus allowing them to be combined for further analysis. Gill net 
catch data with depths combined revealed that mean gonad weights from queenfish 
collected near the SONGS Unit 1 discharge were significantly (P < 0.05) lower 
when compared to all other areas throughout the year. Queenfish gonad weights 
from otter trawl catches were so variable that each area sampled was signifi
cantly (P < 0.001) different from any other. Analysis by survey showed that from 
August to February surveys were similar and significantly (P < 0.05) lower in 
mean gonad weight than surveys from April and June. The April and June surveys 
were significantly (P < 0.05) different from each other, with Seriphus exhibiting 
the greatest gonad weights in April.  

Genyonemus lineatus (White croaker) 

Abundance. Figures 6B-4 and 6B-10 through 6B-12 depict the abundance pat
terns of Genyonemus lineatus collected by gill nets and otter trawls in treatment 
and control areas.  
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Figure 6B-10. Geometric mean and 90% confidence limits of Genyonemus lineatus captured at 9.1 m gill nets 
set at SONGS and Don Light during the period from 1975 to 1979 and San Mateo Point from 
1978 to 1979. The number of replicates (R) for all means are indicated below the abscissa.
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There were no seasonal cycles of white croaker abundance based upon gill net 
catches on the 9.1-m isobath in any area in 1979 which is consistent with data 
collected since 1975 (Figure 6B-10). Seasonality (higher catches in February, 
March and June generally followed by decreased catches during rest of the year) 
was observed in catches made at 13.7 m (Figure 6B-11).  
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Figure 6B-11. Geometric mean and 90% confidence limits of Genyonemus lineatus captured at 13.7 m in four 

replicate gill nets set at San Mateo Point, SONGS, and Don Light during 1979.  

Differences in abundance between treatment and control areas along the 9.1-m 
isobath have been pronounced over the past five years. Prior to 1978, treatment 
area gill nets caught the most white croaker (Figure 68-10); peak mean abundances 
occurred during December through March 1975, December through April 1976, and 
December 1977. Since March 1978 the largest catches per net have been made at 
the downcoast control area.  

Offshore gill net samples displayed a more uniform trend in mean white 
croaker catch (Figure 6B-11). Offshore gill net catches in the downcoast control 
area displayed the greatest mean abundances throughout 1978 and through June 
1979; peak catches usually occurred during June.  

Peak periods of mean white croaker abundance as sampled by otter trawls on 
the 6.1 and 12.2-m isobaths were similar to those described for gill net catches 
(Figure 6B-12). Like Seriphus, white croaker movements were more obvious from 
otter trawl catches than from gill nets primarily due to the catch susceptibility 
of young-of-the-year by otter trawl. Onshore movement from 12.2 to 6.1 m 
occurred during August 1978 in all areas, while offshore movement from 6.1 to 
12.2 m occurred during June 1978 in all areas and during August 1979 in the 
treatment and upcoast control sites. Mean catches of Genyonemus offshore (18.3 
m) were variable in 1978 and 1979.  

Length Frequency. White croaker size structure throughout 1979 at all gill 
net stations was generally bimodal (160-175 and 190-220 mm SL; SCE 1980d, p. II 
85-113). Smaller Genyonemus (115-135 mm SL) were first caught during April in 
offshore gill nets and continued to be caught through December. Smaller indivi
duals were also caught at most inshore (9.1, m) gill net stations from June 
through October.  

In contrast to queenfish, length frequency distributions of white croaker 
males and females caught in gill nets revealed little sexual dimorphism based 
upon length at any area or depth (SCE 1980d, p. II 85-113).  

Otter trawl catches of Genyonemus were primarily composed of newly recruited 
juveniles during the April through October surveys. The < 120 mm SL cohort was 
consistently present throughout the year (Figure 6B-13).
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Figure 6B-13. Length frequency histograms of Genyonemus lineatus collected at 6.1, 12.2, and 18.3 m 
in daytime otter trawis conducted at San Mateo Point, SONGS, and Don Light (combined) 
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Sexual dimorphism based on size was apparent in otter trawl catches of 
Genyonemus as females (160-190 mm SL) were generally larger than males (120-170 
mm SL) during the winter (February) and late spring (June) surveys. Size dif
ferences between males and females caught in otter trawls in all areas were not 
as pronounced during the summer and fall surveys (SCE 1980d, p. II 85-113).  

Genyonemus caught in otter trawls demonstrated movements related to recruit
ment ot young-of-the-year in 1978 and 1979 (Figure 68-13). During February 1979 
a remnant of the 1978 juvenile cohort was caught on the 6.1 and 12.2-m isobaths.  
During April 1979 individuals recruited between October 1978 and March 1979 were 
caught at both of these depths. By June maximum recruitment to the 6.1-m isobath 
occurred as evidenced by the presence of large numbers of juveniles (40 and 65 mm 
SL). In August 60-90 mm SL individuals were caught at the 6.1 and 12.2-m iso
baths suggesting that rapid growth had. occurred at these depths since June.  
Growth of young-of-the-year continued through October and by December no juven
iles or adults were caught by trawling.  

Sex Composition. A cohesive, repeatable pattern in Genyonemus sex composi
tion was not evident from gill net catches (Figure 68-14). 1emales significantly 
outnumbered (P < 0.05) males during the winter (February and December) and spring 
(April) immediately adjacent to the SONGS Unit 1 discharge. Males significantly 
outnumbered females (P < 0.05) during the spring and summer seasons (April, June, 
and October) on the 13.7-m isobath in the treatment area. Genyonemus were cap
tured infrequently in the remaining sampling areas.  

Genyonemus collected in otter trawls taken on the 6.1 and 18.3-m isobaths 
also lacked a consistent pattern of sexual composition. Males significantly 
(P < 0.05) outnumbered females at the 12.2-m downcoast control area during the 
spring, summer, and fall surveys of April, August, and October. The treatment 
area otter trawl catches at 12.2 m were similar to the catches downcoast. No 
trend was apparent from trawls made in the upcoast control area.  

Juvenile white croaker numerically dominated the otter trawl catch at both 
the 6.1 and 12.2-m isobaths throughout much of 1979. Largest catches of juven
iles occurred along the 6.1-m isobath during June, August, and October. The 
appearance of juveniles during this period corresponds with winter-spring 
spawning (Goldberg 1976) and subsequent growth to a size subject to capture by 
otter trawl.  

Gonosomatic Index. White croaker exhibited a winter spawning period based on 
the mean gonosomatic index (GSI) of fish collected by gill nets set on the 9.1 
and 13.7-m isobaths (Figure 68-15). GSI values generated from otter trawl 
catches conducted on the 6.1 and 12.2-m isobaths showed a similar pattern (Figure 
68-16). Otter trawls conducted on the 18.3-m isobath collected too few white 
croaker to be analyzed.  

The reproductive cycle of white croaker was distinctly different than the 
cycle described for queenfish in both time of occurrence and duration. A period 
of increasing mean GSI values from October through February suggested that game
togenesis (oocycte production) occurred during this period. Spawning was first 
observed in February and continued into June based upon GSI. This period 
corresponds with the presence of larval white croaker in ichthyoplankton collec
tions (SCE 1980c). A resting period, identified by low mean GSI values and an 
absence of Genyonemus from ichthyoplankton samples, occurred during the summer 
period from June to October. Indices calculated from fish captured by gill nets 
set immediately adjacent to the SONGS Unit 1 discharge were consistently lower 
during the period of declining indices (February to June) and higher during the 
period of increasing indices (August to October) compared to other treatment and
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Figure 6B-14. Sex ratio bar graphs of Genyonemus lineatus based on otter trawls, gill net, and impingement 
collections during 1979. Area and depth per sample are indicated in light face type, while bold 
face type indicates the number of specimens sexed. The balance of collections totalling less than 
100% are composed of indeterminant (non-juvenile) fish; blank graphs in which individuals were 
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indicated by (0).
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control collections from the.9.1-m isobath (Figure 68-15). Gill net catches from 
the 13.7-m isobath showed a similar pattern in the treatment area.  

Genyonemus lineatus caught in gill nets during 1979 showed significantly dif
ferent mean gonad weights among areas when compared by analysis of covariance and 
Student-Newman-Keuls multiple range test (Sokal and Rohlf 1969). The mean gonad 
weight of white croaker caught near the SONGS Unit 1 discharge was significantly 
(P < 0.05) less than mean gonad weights from all other areas throughout the year.  
Comparisons made between depths within each area revealed that mean gonad weights 
of fish collected within the immediate discharge area and the offshore (13.7 m) 
treatment area were significantly (P < 0.05) lower than other depths and areas.  
Mean gonad weight of white croaker coTlected by otter trawls showed no differen
ces between any area or depth during 1979.  

Analysis of mean gonad weight by survey revealed that Genyonemus collected 
during the reproductively active period from October to April had gonad weights 
significantly (P < 0.05) different from those collected during the resting period 
(August)..  

Overall, both the mean GSI values and gonad weights present a homogeneous 
picture of reproductive periodicity for white croaker. With the exception of the 
SONGS Unit 1 discharge area, Genyonemus did not show spatial or temporal 
asynchronous reproductive periodicity.  

Hyperprosopon argenteum (Walleye surfperch) 

Abundance. The mean abundance of Hyperprosopon argenteum caught in gill nets 
and otter trawls is presented in Figures bb-4 and 6T-1/ through 19. Walleye 
surfperch collected with both gear types were caught less often in the San Onofre 
region than queenfish or white croaker. The mean gill net catch of Hyperprosopon 
was low throughout 1979 in all areas and depths and although gill net catches are 
relatively small and variable, the mean catch has gradually declined in the study 
area since the sampling program began (Figure 6B-17). A slight increase in catch 
from June through October was observed at the offshore treatment (Figure 6B-18) 
and Unit 1 discharge (Figure 6B-4) stations. Average otter trawl catch was also 
low during the winter and spring. Walleye surfperch abundance, estimated from 
trawl catches, increased during the summer months along the 6.1-m (June-October) 
and 13.7-m (August) isobaths (Figure 68-19). Hyperprosopon was generally limited 
to the nearshore (< 13.7 m) area. Periodic seasonal changes in gill net catches 
on the 9.1-m isobath, however, suggests that Hyperprosopon move into and out of 
the area (Figure 6B-14). Fish may also regularly move offshore at night, though 
such diel migrations were not detectable by the present sampling regime (Ebeling 
and Bray 1976).  

Length Frequency. The relatively low catches of Hyperprosopon during each 
survey precluded a meaningful presentation of length structure by histograms.  
Length data for all surveys are presented in tabular form in SCE (1980d, p. II 
115-172). Gill nets set at 9.1 and 13.7 m collected walleye surfperch with 
similar length frequency structure in most areas. The length structure of 
walleye surfperch caught in the treatment and upcoast control areas consisted of 
110-160 mm S'. individuals during most of the year. Smaller (75-90 mm SL) walleye 
surfperch were caught throughout the year at the 9.1-m isobath but were most 
abundant from August through October.  

Otter trawl samples taken at 6.1 and 12.2 m collected adult Hyperprosopon 
with length frequencies similar to adults caught in gill nets. Juveiles (4070 
mm SL) were caught frequently during June along the 6.1-m isobath in all areas.
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Figure 683-17. Geometric mean and 90% confidence limits of Hyperprosopon argenteum captured at 9.1 m gill 
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Figure 6B-18. Geometric mean and 90% confidence limits of Hyperprosopon argenteum captured at 13.7 m in 

four replicate gill nets set at San Mateo Point, SONGS, and Don Light during 1979.  

The new recruits grew during August and October as evidenced by the presence of 
60-85 mm SL walleye surfperch in all inshore areas. Walleye surfperch were not 
caught in December trawls and were rarely captured in trawls conducted on the 
18.3-m isobath.
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Figure 6B3-19. Geometric means and 90% confidence limits of Hyperprosopon argenteum caught at 6.1, 12.2, 
and 18.3 m in daytime otter trawls conducted at San Mateo Point, SONGS, and Don Light 
during 1979. Means from March 1978 preliminary trawls (half-shaded) are based on two 
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Sex Composition. Sex composition of Hyperprosopon is presented in Figure 
6B-2 Because of relatively small catches, distinctive repeatable patterns in 
sex composition of walleye surfperch caught in gill nets were not evident in 
1979. Isolated instances of female dominance occurred in April at inshore (9.1 
m) stations at the upcoast control and treatment areas and in June at offshore 
treatment and inshore downcoast control area. Sex composition of Hypervrosopon 
caught in otter trawls also revealed no distinct pattern of male or female domi
nance throughout the year.  

Juvenile Hyperprosopon comprised the entire trawl catch during April at the 
6.1-m isobath and were predominant components of the August catch at this depth.  
This summer influx of young-of-the-year walleye surfperch was consistent with 
previous results and followed documented walleye surfperch breeding cycles 
(Feder, Turner and Limbaugh 1974, Eckmayer 1979).  

Phanerodon furcatus (White surfperch) 

Abundance. The mean catches of Phanerodon furcatus in gill nets and otter 
trawls during 1979 are presented in Figures 7b-4 and bb3-21 through 23. The mean 
catches of Phanerodon in gill nets set at 9.1 and 13.7 m were relatively low 
throughout the San Onofre region during 1979 (Figures 68-21 and 22).  

The catch of Phanerodon in gill nets set on the 9.1-m isobath has been seaso
nally predictable from 19/b to 1978. Historically, abundances increased from 
December through March and decreased thereafter; this pattern was not obvious 
based on 1979 gill net samples (Figure 6B-21). White surfperch mean abundances 
based on offshore gill net catch also lacked temporal pattern in 1979 (Figure 
6B-22). Average otter trawl catches of Phanerodon increased during the August 
and October surveys along the 12.2-m isobath in aT areas (Figure 6B-23). Otter 
trawl catches of white surfperch on the 6.1 and 18.3-m isobaths were low in all 
areas except the inshore, downcoast control area during June. White surfperch 
have been collected infrequently in gill nets set adjacent the SONGS Unit 1 
discharge although a slight increase in catch occurred in December 1978 and 1979 
(Figure 6B-4).  

Length Frequency. Low catches of Phanerodon throughout 1979 precluded 
meaningtul length trequency analysis by histograms. Length data for all surveys 
are presented in tabular form in SCE (1980d, p. II 115-172). As was the case 
with the other select species, gill nets captured more and larger Phanerodon than 
did otter trawls. Size classes of Phanerodon captured in gill nets were variable 
throughout the year, although 80-100, 120-135, 150-165, and 180-200 mm SL modal 
classes were most common. White surfperch ranging from 45 to 120 mm SL were pre
dominant in otter trawl collections in all areas. Large catches of juveniles 
(35-55 mm SL) were made during June at 6.1 and 12.2 m throughout the San Onofre 
region.  

Sex Comrposition. The sex composition of male and female Phanerodon furcatus 
caught in gi nets and otter trawls throughout the San Onotre region is pre
sented in Figure 6B-24.  

Female white surfperch significantly (P < 0.05) outnumbered males at the 
offshore, upcoast control site during April anE August and in the treatment area 
during April, June, and August surveys. Significantly (P < 0.05) more females 
were also caught in otter trawls, particularily at 6.1 m in-the upcoast control 
area during April, June, and August.  

Juvenile white surfperch were a major constituent of the summer (August) and 
fall (October) otter trawl catch at 6.1 and 12.2 m in all areas.
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Figure 6B-21. Geometric mean and 90% confidence limits of Phanerodon furcatus captured at 9.1 m gill nets 
set at SONGS and Don Light during the period from 1975 to 1979 and San Mateo Point from 
1978 to 1979. The number of replicates (R) for all means are indicated below the abscissa.  
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Figure 6B3-22. Geometric mean and 90% confidence limits of Phanerodon furcatus captured at 13.7 m in four 
replicate gill nets set at San NMateo Point, SONGS, and Don Light during 1979.  

COMMUNITY ANALYSIS 

The fish community sampled by gill nets and otter trawls was analyzed with 
respect to species composition and abundance, classification analysis, and 
feeding guilds.
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Figure 6B-23. Geometric means and 90% confidence limits of Phanerodon furcatus caught at 6.1, 12.2, and 
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A total of 83 species and 49,287 individuals were caught in 1979 using gill 
nets and otter trawls. Gill nets caught 13.1% (6,440 individuals) of the total 
catch and otter trawls caught the remaining 86.9% (42,847 individuals, Table 
68-1). Compared to 1978, gill nets caught 434 more individuals in 1979 while the 
otter trawl catch declined by 7,144 individuals.  

Table 6B-1. Total number of fish species and individuals sampled in the ETS program from 1975 to 1977 and 

for the combined ETS-PMP programs in 1978 and 1979.  

Category 1975* 1976* 1977* 1978** 1979 

Number of species 49 46 41 89 83 
Number of individuals 3,206 3,383 3,216 55,997 49,287 

* The 1975, 1976, and 1977 survey data are based upon quarterly samples of 12 
gill nets.  

** The 1978 and 1979 survey data are based upon bimonthly gill net and otter 
trawl samples.  

Community Classification Analysis 

Seasonal patterns of species composition and abundance for the fish assembla
ges sampled by gill nets and otter trawls were resolved by cluster analysis 
(Clifford and Stephenson 1975). Seasonal clustering of sites and species was 
based upon surveys conducted in June, August, October, and December 1978 and 
1979. Classifications from surveys conducted in February and April 1979, and 
March 1978 were not compared between years.  

Gill Nets. "Sites" are the gill net stations in each of the sampling areas 
(Figure b-1). Clusters of sites with similar species composition (site groups) 
were identified by number and letter signifying the month (survey) during which 
the fish were collected (Figure 6B-25).  

The number of site groups in 1978 (Figure 68-25) ranged from two in June to 
four in August. Site groups from four (March, August, October, December) of the 
five bimonthly surveys in 1978 were determined by depth (Figure 6B-25). Within 
each group relations among the treatment area (SONGS) and control areas (Don 
Light and San Mateo Point) were inconsistent; Figure 6B-25.  

Site classification for 1979 (Figure 6B-26) yielded from two (February, June) 
to four groups (August). With the exception of the February and October surveys, 
site group composition was determined by depth. Site affinities were incon
sistent within the groups.  

For the June, August, October, and December surveys in 1978 and 1979, the 
number and composition of site groups were compared between the treatment (SONGS) 
and control (Don Light and San Mateo Point) areas. The number of site groups is 
similar between the two years for each bimonthly survey. Gill net catches in 
June during both years resolved the fewest site groupings (2) while the August 
surveys produced the most (4). Three to four site groups were formed from gill 
net catches in October and December.  

Site groups were formed on the basis of depth during certain times of the 
year (Figures 6B-25 and 6B-26). Site affinities within these groups were exa
mined for consistent co-occurrence of the test site between years for each 
survey. In many cases the number of members within a group was similar between
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years (2J, 4A, 2D, and 20; Figures 68-25 and 6B-26). However, consistent co
occurrence of the test site was not detected for the depth determined site 
groups.  

The inverse classification of fish species by the sites where they are most 
abundantly caught resulted in a range of from three species groups in December to 
six in August 1978 (Figure 6B-27). Species groups generally contained diverse 
and variable assemblages of fish taxa. This is expected considering the hetero
geneous habitat (level bottom, kelp-bed, water-column) and demersal species 
sampled by gill nets. Consistent temporal patterns in the co-occurrence of cer
tain fish taxa were generally absent with the exception of species groups CM, DJ, 
EA, BD, and CD (Figure 68-27). These groups included a suite of species with 
different feeding roles: water-column and substrata feeders (Seriphus politus), 
and bottom-feeding micro-mesocarnivores (Genyonemus lineatus, and MentTci7rrhus 
undulatus). Feeding guild analysis is presented in greater detail in the 
following section. These species recurred in each bimonthly survey, in virtually 
all site groups and showed greatest temporal consistency.  

Other fishes having the same feeding role recurred in species groups with 
some temporal regularity. Species groups BM (March), AJ (June), CA (August), and 
EO (October) contain three to four demersal carnivores: rubberlip perch, 
Damalichthys vacca; pile perch, Rhacochilus toxotes; grass rockfish, Sehastes 
rastrelliger; and California sheephead, Pimelometopon pulchrum. These fishes 
consistently co-occurred in four of the five bimonthly surveys in 1978. Also, 
certain water-column and substrata feeders recurred in species groups resolved in 
most of the five bimonthly surveys. Among the water-column and substrata feeders 
included in species groups DM, DA, EO, and RD were the white seabass, Cynoscion 
nobilis, and the leopard shark, Triakis semifasciata (Figure 68-27). Other mem
bers of this feeding guild which recurred temporally were the gray smoothhound, 
Mustelus californicus; the brown smoothhound, M. henlei; the barred sand bass, 
Paralabrax nebulifer; and the kelp bass, P. clathratus.  

The number of species groups resolved from gill net catch data in 1979 ranged 
from three in February, October, and December to five in August. Species groups 
CF, DJ, AA, and CO contained the same Genyonemus-Seriphus-Menticirrhus associa
tion which was consistently present at most site groups in four oT the six 
bimonthly surveys (Figure 68-28).  

Otter Trawls. "Sites" are now defined as the otter trawl stations in each of 
the sampling areas (Figure 68-1). Thus, bimonthly surveys are here classified on 
the basis of nine otter trawl sites. Site groups were again identified by number 
and letter like those identifying gill net site groups (Figure 6B-29).  

Classification of otter trawl sites by species in 1978 resolved two to three 
site groups per survey (Figure 68-29). Four of the five bimonthly surveys (June, 
August, October, and December) contained two site groups the composition of which 
was determined by depth. During June, August, and December, species groups 13, 
1A, and 1D were composed exclusively of species collected at sites on the 6.1 and 
12.2-m isobaths (Figure 68-29). Site groups 2J, 2A, and 2D contained virtually 
all the stations on the 18.3-m isobath. During October, a shift in the com
position produced a site group from the 6.1-m isobath (20) and a site group con
taining 12.2 and 18.3-m stations (Figure 68-29).  

In 1979, site classifications resulted in the formation of two to three site 
groups (Figure 6B-30). Three groups were resolved from the February, June, and 
December surveys and two were formed from the April, August, and October surveys.  
Once again, group membership was determined by depth; however, the pattern of 
station recurrence differed somewhat from that observed in 197R. The June and
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June AREA 

- INCREASING DISSIMILARITY DEPTH 0 C C 0 C C o 0 0 i0 0 

180 160 140 120 100 80 60 40 20 0 SITEGROUP 2J 1J 
."""" .l"" .""I""".I.h"h.. "" "hl"""".l."."I"""""""II TAXA GROUP 

Halichoeres semicinctus 0 0 
Sebastes restrelliger 0 0 
Rhacochilus toxotes AJ 0 0 0 
Pimelometopon pulchrum 0 00 
Rhacochilus vacca 0 0 
Cymatogaster aggregata 0 0 
Girella nigricans 00 0 
Porich thys notatus 13J 0 0 
Mustelus henici 0 0 0 
Heterodonfus francisci 0 0 0 
Roncador stearnsii 0 D gO 0 0 
Mustelus californicus 00 0 
Cynoscion nobilis 0 D 0 0 0 0 0 
Sphyraena argentee 00 0 0 * * 
Umbrina roncador 0 0 0 
Genyonemus lineatus 0e0 0 0 00 00 0 0 
Seriphus politus 000 00 00 * * * 000 
Menticirrhus Wndulus 0 00 00 00 0 0 00 
Embiotoca jacksoni 0 0 00 * 0 
Hyperprosopon argenteum 0 0 0 00 0 0 0 
Chailotrema saturnum DJ 0 0 0 0 0 0 
Triakis semitasciata 0 0 000 
Paralabrax clathratus 0 0 0 00 0 
Phanerodon frcatus o 0 * 00 

KEY Xenistius californiensis 0 0 0 
% of Maximum Abundance Paralichthys californicus 0 0 O 0 

a 0-25 Anisotremus davidsoni 0 0 

O 26-50 Paralabrax maculatofasciatus 0 0 0 

0 51-75 Paralabrax nebuliler EJ * O 0 0 

O 76-100 Amphistichus argenleus O * 
Scorpaena guttata 0 O * ** 

AREA 
0 0 0 0 

August 
- INCREASING DISSIMILARITY DEPTH 0P C C - 0 -

180 160 140 120 100 80 60 40 20 0 SITEGROUP 4A 3A 2A 1A 

" .TAXAGROUP 

Chromis punctipinnis 0 0 
Medialuna californiensis 0 0 

Sphyraena argentea AA 0 0 
Paralabrax nebuliter 0 0 0 
Sebastes serranoides 0 0 
Cymatogaster aggregata 
Synodus lucioceps BA 0 0 0 
Paralichthys californicus 0 0 
Embiotoca jacksoni 0 0 00 0 0 
Rhacochilus vacca 0 0 00 0 
Pimelometopon pulchrum 0 00 0 0 
Rhacochilus toxotes 0 00 0 0 
Paralabrax clathratus CA 0 0 0 0 00 
Phanerodon furcatus 0 000000 0 

Hyperprosopon argenteum 0 0 00 0 0om 0 
Cheilotrema saturnum 00 0 0 0 
Halichoeres semicinctus 00 0O U0O 

Cynoscion nobilis 000 0 
Triakis semitasciata 00 0 
Mustelus calilornicus DA 0 0 0 0 0 

I Heerostichus rosratus *0 0 
xyjis caliornica 0 0 

Genyonemus lineatus oe o800 0ooo0 
Menticirrhus undulatus 0 0 0 0 00 a 00 
Sarda chiliensis 0oD 0 00000 
Seriphus politus o*oooooo0o0o00 
Roncador stearnsi EA 0 0 so 
Scorpaena guttata 0 00 0 
Alopias vulpinus 0 
Peprilus simillimus 000 0 1 00 
Platyrhinoidis triseriata 0 
Girella nigricans 
Hermosilla azurea FA 

EC - Umbrina roncador 000 I0 

Figure 613-27. Species classification and site group classification with resultant two-way table for 1978 gill net 
catch by survey month.
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October AREA 

- INCREASING DISSIMILARITY DEPTH p H PP H 

100 180 140 120 100 80 00 40 20 0 STGOP 3 0 1 
J IIII~ll ill II IIIIIII till 1 1111 1111111111 I 1 1111 ill 1 1 1; 11TAXA GROUP SITE GROUP 30 20 10 

Scomber japonicus 0 0 0 
Xenislius californiensis OO OO 
Paralichthys californicus AD 00 0 0 
Sarda chiliensis 0 0 00 
Synodus lucioceps 0 0 
Sebastes paucispinis O * 

Paratabrax clathratus 00 0 0 0 0 0 0 
Phanerodon lurcatus M gO 0000 0 00 O 
Hyperprosopon argenteum O * O 0e eO 
Paalabrax nebuliler B 0 000 0 0 00 

Seriphus politus 00000000000000 
Genyonemus lineatus 0 00 0I 0 0 O 0 0 
Menticirrhus undulatus O * * O O * O E 0 0 
Atherinopsis californiensis O *i 
Peprilus simittmus 00 0 
Amphistichus argenteus CO 0 0 
Ma. tt. californicus 0 0 0 0i 0 0 
Roncador steamsli 0O 
Medialuna californiensis U 0 0 on 
Rhacochilus toxotes 0 0 0 0 
Anisotremus davidsonDii 0 0 0 
Sebastes serranoides 0 0 
Girella nigricans 0 
Heterostichus rostratus 0 
Rhacochilus vacca 0 00  
Sebastes rastrelliger 0 * 0 *0 
Embiotoca jacksoni I I 0 0 00 
Triakis semitasciata 0 0 0 00 0 
Cheilotrema saturnum O 0 0 0 00 
Halichoeres semicinctus EO 0 * 0 
Cynoscion nobilis 11 * O * * * 
Sphyraena argentea * 0 00 
Pimelomeropon pulchrum D O 

Scorpaena guttata 0 0 
Umbrina rancador * O 

December AREA 

DEPTH PHHHH. oPP PP y 
- INCREASING DISSIMILARITY 

180 160 140 120 100 80 60 40 2 

l. TAXAGRUP SITEGROUP 3D 20 ID 

Paralabrax clathratus No 0 
Pimelometopon pulchrum 0 0 0 
Medialuna calilorniensis AD 0 0 0 
Anisorremus davidsonli 0 0 0 0 O 0 D 

Trachurus symmetricus 0 0 0 0 
Cheilotrema saturnum 000 0 0 OOM 00 
Hyperprosopon argenteum M 00 0 000 0 
Cynoscion nobilis 00 0 0 0 00 * 
Embistoca jacksoni O O 0 HOE 
Triahis semifasciata 0 00 0 0 
Paratabrax nebulier 00 0 000 00 0 
Phanerodon lurcatus SD 00000 000000 
Xeonistlus calitorniensis 0 0 0 0 0 00 
Scorpeena guttata 0 0 0 00 0 0 0 
Halichoeres semicinctus 0 0 0 
R'acochilus vacca 00 0 00 
Cymatogaster aggregata 0 00 
Scomber japonicus 0 00 0 

. Genyonemus lineatus 0 O * 0 0 
Menticirrhus undulatus 0 0 0 0 0 0 
Athlerinopsis californiensis CD w 0 O * ** 
Sarda chiliensis 0 0 
Seriphus politus U 0 1 C[0O0o 

Figure 68-27. (Continued)
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JuneA 
R A ~ ' 

STATION z - o 

DEPTH 
- INCREASING DISSIMILARITY DEPTH g 

200 180 160 140 120 100 80 60 40 20 0 
.....rT 7r'. AAG O P SITE GROUP 2.1 1.1 

I"Pi"" I "o" "opI"'"" 0 0I" 
KEY Ti4Ais s-iI-xiala 0000 
% of Maximum Abundance Chellurema satunum 000 0 

0 0-25 P-labrax ,,xbuliur 0 0 0 10 00 0 0 
O 26-S0 Halichoeres semicincus Ad 00 

0575MedNs,,a caIiforniensis 0 0 0 0 * 57.75 
0RhcochIus 0501es 0 0 0 0  
ParaIab-~ clathraus* 0 H 0 Aheri.mpsn cn'll"orie"sis 0 J 

Emrbiotoca jacksont 0 01 0 0) 0 
Hyperpoopon rgenteum 0 000 0 0 
R- rcochius accaa 0 
Cyrroxsim -bill jIG 0 0 a 0 0 
Sphyraurla arfuenIra 00 0 E00 0 0 0 
Girea srucans 0 0 
Murstelus cahlics 00 
Seasles rxelliger 0 0 
Snods sciocips O J 0 
Paheichhys cailornics 00 0 0 0  

L - Scorber japmi ics t o 0 0 0 
Genyonemus fineatus0 ES *0 000 0 oe 
Serprsponus 0000000000000 
Menticirrhus undulalss 0 0 0 0 00 

.... -CEO'alo-er ag0000474 DJ 0 0 
Peprilus sori us a 0  
Phaserodon furcatls 0 00 N N 0 Cynischhys noals 0000 0 

Sphyraena gaeta 000000 

Mustlus calilorniensis 0 H 

August rasrliogr C 
Sy o u luio e 00 

STATIONraicthsaloniu 

- INCREASING DISSIMILARITY D 6EPTH Z;7 

26 6 6 40 720 760 60 60 40 20 0 
.......... TX G O P SITE GROUP 4A 3A 2A 1A 

Genyonemus lineatus 0000 000000 000 
Seriphulitus 0. 000E 0000 M
encwirrhus undulatus 0 00 0 T 0 0 

A herinopsis cailon es's 00 
CyProsci noatus 0 0 

SlpenLu aLn 00 0 0 
RoWau .suarri n n 00 

Se basles rasVelliqer BA 0 0 
Umbrina rorrcador U HO a 0 0 

r - Errbiot- lacksorri F3 @ 0 
lacochrilus toxstes 0 0 00 

Helichoeres semicijrctus 01 0 0 0 0 
F-Pinrelnretopon pulchrurn *0 OH 

Medialosra calilorrrrien 0 0 0 0 0 
HypurPOrspor 4,gerreu. 0 0Do 00 0 0 0 
Prarrerodo,, furcals CA 0 ON OnE 0 0 0 

Cheiotrenra saturnun, 0 0 0 E0 0 0 G rrll ~ ,cans 
00 0 Trai eifasc,47a 0 0 0 lOlaOhraOus O 0000 

gaara ebuliler 0 0 0 500 0 0 H 
9017474utat 0 L 0 0 0 0 0 
7495F17 0 0 

Raohls vaucc 0 0 0 0 0 
Pal aty califorrricos 0 0 0 

Spea rgerrlxa DA 00 0 00 
Cy lr gOrega 0 0 0 

S 5n00s 005p 0 0 0 
A.phrshChus a.rgeolus- -0 - -_____ 

5515 0 000 0 

X-ius C4ilour-sis EA .00 
Altherisops alirris0 0 
Scormber japonicus 1 10 6 

Figure 613-28. Species classification and site group classification with resultant two-way table for 1979 gill net 
catch by survey month.



6B-37 

October AREA p 
C) Q) Ql OC 

STATION 

DEPTH 

INCREASING DISSIMILARITY SITEGROUP 30 20 IO 

200 180 160 140 120 100 80 60 40 20 0 
lll I TAXA GROUP 

Cheilotrema saturnum 0 O * 
Embiotoca jacksoni OO * O 0 
Paraabra nebulifer 00 0 *0 0 0 0 
Heleostchus, rostratus AD 0 0 
Mustetus calilornicus 00e 0 0 * 
Anisoreus davidsonit 00 0 
Triahis semilasciata T 0* 0 
Paralabra clathratus 0 0 0 
Rhacochilus toxotes O0 0 
Scorpaena guttata BO *a 

50 It 11 0 0 * 
ynodus lucioceps 00 0 

Chromis punctipinnis 0 o 0 
Pa Sichhys californicus 00 
Genyonemus ineatus 0 00M 0000000* 

us polits 00 00000 0000 
M 5enticirhus undulatus 0 0 0 0 0 00 0 
Hyperprosopon argenteum DOUO 00 0 0 0 0 0 

ndonrcatus C000 0 

Cynoscon nobilis 0 * 

A rns californinsis * U N 0e 0 
Sarda chiliensis 00 0 0*00 
Leprocttus armatus 00 

December 
ARA Z2 ) aS C 

STATION 15o a 

INCREASING DISSIMILARITY DE00H 

200 10 160 140 120 100 80 60 40 20 0 
Il TAXAGROUP SITEGROUP 40 3D 20 ID 

Embioloca jacksoni N 0 O U 
Rhacochilus toxotes U OE 
Triakis semiasc-ita AD 0 0 0 0 0 
Anisorremus davidsoni 0 
Rhacochilus vacca O O Oi 
Medialuna californiensis O O 0 O 
Parlabrax clathratus 000 0 0 0O 
Xenistius californiensis 0 0 0 O 
Phanerodon forcatus N C 0 0 0 000000 
Cynoscion nobilis BD 0 0OO E O 
Seriphus politus OOM*De o OHl 
Hyperprosopon argenteum 0 00 0 
Cheilotrema saturnum 0 0 O an U on 
Sphyraena argentea O O 
Genyonemus lineatus MD] * O 0 * O Tso 
Menticirrhus undulatus O 0 O * 
Mustelus calilornicus O0 0 0 
Scorpaena gut1ata 0 0O00 DI 
Scomber japonicus CD 

OO0 Trachurus symmetriCus 00 0 00 
Paralabrax nebulifer 00 0 0 0 0 * 0 O 
Pimelomopon pulchrum 0 0 0 0 
A heriaopsis "filorniensis 000 0 0 0 Squal,,s 0C-l1ias 0 1 

Figure 68-28. (Continued)
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Figure 6B3-30. Site classification of 1979 otter trawl catch by survey month.
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October site-group cluster included stations on the 6.1-m isobath (1J and 10) and 
the 18.3-m isobath (3J and 20). Site groups in August contained stations on the 
6.1-m isobath (2A) and the 12.2 and 18.3-m isobaths (lA). The December 1979 site 
groups were unique in that sites at each isobath (6.1, 12.2, and 18.3 m) regard
less of area (San Mateo Point, SONGS, and Don Light) formed distinct clusters 
(Figure 6B-30). Treatment or control sites, alone, did not form clusters during 
any survey in 1978 or 1979.  

The number of species groups resolved by the inverse classification of the 
five 1978 surveys ranged from two in October to six in June (Figure 68-31).  
Although species groups contained members of different feeding roles, the same 
diverse species tended to recur repeatedly in groups throughout the bimonthly 
surveys. In fact the composition of three such groups of species recurring 
through time was related more to depth of habitat than feeding role. A ubi
quitous group from all depths (BJ, BA, AD) was comprised of Engraulis mordax 
(filter feeder), Hyperprosopon argenteum (midwater planktivore), Phanerodon 
furcatus (water-column and substrata feeder), Genyonemus lineatus (bottom-feeding 
micro-mesocarnivore), Paralichthys californicus and Citharichthys stigmaeus 
(bothid flatfish that feed above soft-bottom); an inshore group (DJ, EJ, FJ, A, 
BO) of Seriphus politus (water-column and substrata feeder), Amphistichus argen
teus and Menti us undulatus (both bottom feeding micro-mesocarnivores; 
Platyrhinoidis triseriata, RhiRb-atus productus, and Urolophus halleri (all three 
feed on soft-bottom only); and an offshore group (CJ, CA, CD) of flatfishes 
Pleuronichthys decurrens, P. ritteri, P. verticalis, Parophrys vetulus (all soft
bottom only feeders), and Xystreurys liolepis (feeds above the soft-bottom). It 
is no surprise that the offshore group, which was sampled well outside the 
influences of rocky bottom and kelp, contained only fishes in soft bottom feeding 
roles. Inshore species consistently recurred in the 6.1 and 12.2-m site groups, 
while offshore species recurred regularly in 18.3-m groups. Ubiquitous species 
consistently reccurred in groups resolved from June, August, and October surveys 
(Figure 6B-31). In December many ubiquitous species were trawled at inshore sta
tions exclusively. Distinction between inshore and offshore groups was clearest 
in June, August, and December (Figure 68-31). In October, however, the high 
degree of temporal recurrence exhibited by inshore and offshore species in 
earlier surveys was not as apparent (Figure 68-31).  

The 1979 otter trawl catches resolved three to four species groups (Figure 
6B-32), which recalled the ubiquitous inshore and offshore groups of 1978.  
Although composition of ubiquitous species remained similar between years the 
group was well defined only during August. During June and October many ubi
quitous fishes clustered with inshore fishes (Figure 6B-32). In December, ubi
quitous species were not caught by otter trawls. Groups of inshore and offshore 
species were well-defined during June, August, and October, but most of these 
fishes were not caught in December trawls.  

Feeding Guilds 

The concept of feeding guilds was used to analyze fish communities because 
the availability and/or kind of food may limit the abundance and distribution of 
fish. Given a disturbance, if one can predict the fate of the fish's food, one 
may predict the fate of the fish. The objective of this analysis, therefore, is 
to compare the feeding guilds of fishes in the treatment area with those in the 
control areas as a means of assessing the potential operating effects of SONGS 
Unit 1.  

A guild is defined as a group of species that perform the same feeding role.  
In community ecology "...the feeding role is thought to be an ecological unit
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DEPTH F- 9m P 01 
- INCREASING DISSIMILARITY 

200 180 160 140 120 700 80 60 40 20 0 

.. .. ......... ... . . . . . . TAXA GROUP 

Paralabrall nebulifer00 
KEY 

% of Maximum Abundance Symphur arga A 0 0 

W 0-25 Myliobatis calitornica 0 
O 26-50 E graulis Iordax 0 U 0 0 C0 0 
* 51-75 -yperprosopon argenteum 00 0 0 * * a * 
0 76100 Phalerodon lurcatS 0 0 0 S E O 2J 0 

enyonelus ineaus d 00e r 0 O0 0 

Paralichthys californicus 0* 0 C C 0 C 

grul sligmeo s r d0 a 0 

Pleu-olcty llr 0 00 0 C) 0 
Hypsopseota guetulama 0 0 0 
Xysoreurys liolepis CJ 0 0 & C 
Pleuraichthys aericalis O s * 
AphiStichus argeaeus C 0 0 C 

Synicgthus sp. it 0 
Ssiphysolilpus CJ E C))OC 
Rhacochilus vacca 0 
Menticirrhus undulatus 0 0 
Synodus lucioceos EJ 6 0 
Urolophus halleri 0 0 
Platyrhinoidis triseriata 0 * 00 
Rhinoba/os productus C 6 00 
Porichthys notatus FJ 0 
Peprilus simillimus 
S== corpaena gallala 0) C 

August ARatO o 

- INCREASING DISSIMILARITY DEPTH ~ N 

200 160 160 140 120 100 60 60 40 20 

TAXA GROUP SITE GROUP 2A 1A 

Anchoa compressa 00 
Leuresthes Ienaws 0 0 
A mphistichas angenleas 0) 00 
Men lcirrhus WIns~alus 0 00 C) 
Peprils simillimus 00O 0)C 
Rhinobalos produClaS AA 00 C) C)) C 
Seniphas PoliaS U C) * 0 se 

Ge/ nynemas i/Iealas E QC 

SeonO 
esmo 

Sy/IgnathuS spg. 00 C) a 
Sebasies paacispi/Iis0 
Urolophus hal/eni 0 0 
Cyma !ogaster aggre gala 0 0 C) 00 
H ypetprosopon arge/Ileam ) . C) 0 0~ 
PallI/mo/I farcatas C)UUUoo C) ) 0 

E graulis tnordax U U C)C)0)0 000 
Citharichthys stigmaeas BA 9000 so 0 0 
ParalichlhyS califonicas C C 0 00 0 0 C)0 
Mastelas ca/il/Ini us 0 00 0 
Platynhinoidis Iriseriala C) 0 0 0 4e 

Symphurus atricauda C) 0 

Synodas Iacioceps 0 ) 0 
Citharichthys aanlhosligmo C) C 
Plearn/ichthys decunnens CA 00 
Plauroflichthys rilleri 0) C 0 0 0) 
Pleuro/Iichthys verticalis 0) 0) 0 U 0) U 
Parophrys vell/las 0060 
Xystrearys ISIIpis 0* 0 0 

Figure 613-31. Species classification and site group classification with resultant two-way table for 1978 otter 
trawl catch by survey month.
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Platyrhinoidis triseriata 0 D0 0 0 0 
Rhinobatos productus 0 0 * 0 0 
Citharichthys stigmaeus 0 0 H 0 0 00 0 
Paralichthys californicus 0 0 0 0 00 0 
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Figure 6B-31. (Continued)
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Figure 6B-32. Species classification and site group classification with resultant two-way table for 1979 otter 
trawl catch by survey month.
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Figure 6B-32. (Continued)
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above the species level that is important to an understanding of the organization 
of communities and one that is sensitive to nutrient related environmental 
differences" (Allen 1975). Fish species from the San Onofre area were classified 
into feeding guilds using generalized feeding roles established by Allen (1974, 
1975). However, because Allen's feeding roles were based on soft-bottom fish 
only and the areas sampled around San Onofre consist of kelp, sand, and cobble 
substrata, the classification was expanded to include guilds associated with hard 
substratum as well (Ebeling, personal communication).  

Fish were grouped into three major roles based on literature describing 
feeding roles, stomach contents, and functional feeding morphology. These roles 
include (1) strictly water-column feeders including filter feeders and mid-water 
planktivores; (2) water-column and substrata feeders including miscellaneous 
large predators of marginal and level bottom habitats, switch feeding carnivores 
(large-mouthed fishes that pursue nekton but often switch to eating plankton and 
other small prey), microcarnivorous pickers (small-mouthed fishes that usually 
pick small prey from plant surfaces), and plant cropping omnivores (small-mouthed 
fishes that browse almost exclusively on plants and epiphytic animals); (3) 
bottom-oriented feeders including demersal microcarnivores (small-mouthed fishes 
that select small prey that live in a carpet of "turf"), demersal mesocarnivores 
(large-mouthed species that eat relatively large prey in benthic refuges); and 
(4) bottom-feeding micro-mesocarnivores (fishes with medium-sized mouths that are 
food and habitat generalists). Most members of these guilds live on or about 
hard substrata. On surrounding level bottoms of sand and mud, bottom oriented 
feeders are classified as fishes that feed above the bottom only, feed on and 
above the bottom, and feed on the bottom only. Table 6B-2 lists guild members by 
feeding role.  

To simplify the analysis and insure that feeding roles are adequately repre
sented in fish samples, some guilds were combined as larger and more heteroge
neous groups ("feeding roles"): all water column and suhstrata feeders (miscel
laneous large predators, switch-feeding carnivores, microcarnivorous pickers) and 
demersal carnivores (demersal micro and mesocarnivores). Filter feeders, mid
water planktivores, and bottom-feeding micro-mesocarnivores were treated 
separately.  

Gill Nets. Fish captured in gill nets set at the 9.1 and 13.7-m isobaths 
represented tour feeding roles (Figure 68-33). Degree of representation was 
measured by the sum of ranked relative abundances of the species within each 

Key to symbols for Figures 6B-33 and 6B-34.  

Group 1. Fish that forage from the bottom.  

those water-column and substratum feeders that forage above the bottom 
those demersal carnivores that forage on and above the bottom 

bottom-feeding micro-mesocarnivores that use sight to forage 

E bottom-feeding micro-mesocarnivores that use other senses to forage 

Group II. Fish that forage from the water column.  

0 filter feeders 
)midwater planktivores strictly water column feeders 

those water-column and substratum feeders that forage mostly in the water column 
those demersal carnivores that occasionally forage in the water column 
those bottom-feeding micro-mesocarnivores that enter the water column (croakers)



6B-46 

Table 6B-2. Feeding guild classification of adult fish species collected by gill net and otter trawl in the San 
Onofre region during 1978-1979.  

FISH THAT FEED FROM THE WATER COLUMN 
Strictly Water - CoIumn Feeders 

Ilistell1aneoos Lqe Predators, oft 
Midwater Planktivores References an o - ttn It References 

thrc safficis Cuast 1968; Frock 1969 Mustelus caliloroicos P:1 ingbeil Sandel I, Pt WellIs 1975 
orncal arionsis taoter 1966 72st6! coni Klacyhei Sandell, A lls 1975 

Leuresthes tenuis asocoed Priekts seotfasteata Clingheil Soodell, A Wells 1 75 
sertecos potos(juvenile) bson A Chess 1q76 ssalus 8f88W939 l lgheil , ndell, 8 Wells 1975 

C qataaser goeqaa doeller 1975, Ellisen 1q78 Cyoconobilis Skcgsberg 1939 ~t~sjoc6fWP 1~ lliscb hs 17;Celing I Bray 1976 argRonta PickaA hes 1976t1 h 16; Prey 1971 
Chronic5 puciiis l Ise Choss1 1976; [cc jo n C Bray 1976 Baorp edoh~ ali forci ca 'ray6Iic n1978 
Sasto6iPdir d I ucie lot1o B Chs 1976 a c e IecIipat17 

Filter Feeders Referencos 

Wochaa splmmppcy Clohel. udoll , 11 hels 115 
choa delicatissi ciCoel Sacodel , Well 1915 

logralts ordaoBaxter 1961 
ngrau1 ae spp. co l eerer 1959 

Water Column and Substrata Feeders 
Sitch-Feeding Carnivores efereces Oleracarotoaras Pickers References 

;eprilos siilloas Bieo 6chrcder 1953; lloro 1919 ygotcs sBB.ioat 1968 
r ara us icl AS qS'' 7'333~nclaha Loae 7, Ec eq 1918er 5MEhos rsstr ano an 16 
TaFQ~r6aa maculatefasciatus Feder, Turner A Limbaugh 1970 e aast 1968; Cllison 1979 

farlaraaW~UIT7Feder, Turcer A Linsaugh 1974 Caestr greata Edecoel or 1976 Paaarxnebulifero 
'Se castes serraaides (adult) L 1 C 1 reoartici 9 
Pr-acharus-i sybercsFder, Puroer 8Liribaogh 1970 Phaneroco f7;reates Aray & Fheicg 1975 
Sarda511ei (smallI) Frey 1971 WrachyistiusWTrSntus Wray 6 Pholicql 19751 

Scae ocsFeder, Turner A. Inhbaugh 1917 7aL, is rr tal orca tray 1, ChoIll 1 915 
(adult) Hotc 8 Chess 1976 X a o 1976 

Plant-Cropping Omnivores Refereces 

i r e l l a nir ic ns Q us t 1 9 5 ; Cee l tg n r a y 1 91i 

1~~ xoe 

Medl aluno36CT) orci ens is Qes 1963 
Wernsilla daurn Qouslt 1968 

Bottom Oriented Feeders 
Dnoersal Micrcarniiarec Peferences Denersal Oesacareiaores References 

phihsaete Carlisle, Schott I Wbranso 19tl ylleredt fraccisci tlels c Couomhna 19 
EWE 6 8artini 1 5 t e O n LinkaQish 1955; 8uast 1969 

flaplicht4 aacca CDei I Cray 19t6ar0claas L 9 
bl~obtlcain & sBray 1976 Secastes a rtshall 197 

l caryl In log B Bray 197Od Sekastes car1a95s LarsOc 1917 
I n astes rastrer Fitch Laeeshers 1975; Ccshall 1977 

WypsyperuicundsCIlog & Wray 1976; Serg 9atus EbCeger11953 

Mutelusaecalifornicuasts96 
C ~ ~ ~ ~ ~ ~ ~ ~ ~ rai ersemifasciatabgh155 Cat 96 s 

Watton Feeding Micra-Oesecarciores References 

Cheilatrena saturSum Liclelaugh 1961 
ce-nTic errous-aina gbus Joseph 1 S96; Macnell1 1975 
lecyacecius Ineatus Sk0sberq 1939 

m a Pre 195 

Wtneadar srearCsio Ja Sush 1967 
Lauloalis priceps Quast 1 968 
ARisetrefs daridsooii Qcrt 196P 

FISH THAT FEED FROM THE BOTTOM, MAINLY SOFT BOTTOMS 

Fish That Feed Wboen the Batten Only Refereces Fish That Feed On and Aboe the Batten References 

Citharichthys sti es Flowr 1965 Sch r 1 3 H 072 

Federchr. unr5mag 19 74F 

tWs Fdr9uga ned rtch &Laemherq 117 
Ill ppaglassica stomata Ford 1965 Porichthys ostatus Arora 1949 Paralit5Th~h caTiTof6 icus Ford 1965; laaker 1971 n 751 Fitch & Laocobcrq 1975 

fystears loleislenc, Bers. cown. yy3pls" 'B QasI 1969 Feder, Turner A Limbaugh 1974 epidas assaced 

Fish That Feed as the Balton Only tefereces 

Whicekats prductus Flig1F , Sandell A wels 1971 
Piratroio-Tri iat a Fedar Poer B Lnaugh 197 
Baabicaculata Bigelow A Schrader 1953 aia nornata tigelan A Schroder 1953 

dralphu haleniBabel 1967; Ban Blaricem 1978 
TTBP79s calnarsica Feder, Turner A Limbaugh 1974; Wan Blarlea 1978 

llysnseta otalta L ane 1975; Lace, Kingsley A Thornton 1979 
Fosonrd 1965 

Blearoeichtkhys ceeesas E1lisor 197u 
I'Tluroichthy3s an-carrens Wiles, Bers. cowxi.  

jjfurauTchtly, ritteri Ford 1965 
Pleurooiebthy aerticalis For 1965 

elrn Allenc, ers ca es.  
us Carlisle, S O t, I Abransn 1968 
Tephstlchous keel DelQartini 1969 

79WWCWIlr saea~~atQs aseph 196; Maell 1975 
iitrina roEcadar Frey 1 9711 
anaLrismbeuargsii Joseph s6 t
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Figure 6B-33. Relative abundance of fish comprising demersal or water column feeding roles. Based on 
combined data from 1978-1979 gill net collections made at 9.1 m and 13.7 m in the San Mateo 
Point, SONGS, SONGS Unit 1 discharge, and Don Light areas.
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feeding role (Table 6B-3): water-column and substrata feeders, bottom-feeding 
micro-mesocarnivores, midwater plantivores, and demersal carnivores. Water
column and substrata feeders were represented largely by adult queenfish, 
Seriphus politus, and to a lesser extent by white surfperch, Phanerodon furcatus, 
and basses such as Paralabrax spp. Bottom feeding micro-mesocarnivores were 
represented mainly by white croaker. Midwater planktivores included atherinids 
(topsmelt and jacksmelt), walleye surfperch, and juvenile queenfish. Demersal 
carnivores included cottids (sculpins), embiotocids (pile surfperch, Damalichthys 
vacca, and black perch, Embiotoca jacksonii) wrasses (California sheephead, 
Pimelometopon pulchrum, and rock wrasse, Halichoeres semicinctus), and various 
rockf ish (Sebastes spp.). The order of ran sums was g y m intained during 
all surveys at all areas and depths. Water-column and substrata feeders domi
nated the gill net catches to a greater extent than members of more specialized 
feeding roles primarily because of the overwhelming abundance of Seriphus.  

Rank order of feeding roles did not differ significantly between areas or 
depths during 1978 or 1979. Fewer feeding roles were represented in gill net 
catches made adjacent to the SONGS Unit 1 discharge than in catches from other 
areas primarily because of the absence of demersal carnivores.  

Table 6B-3. Summed ranks of the four major fish feeding roles captured in gill nets set at 9.1 and 13.7-m 
isobaths at SONGS, San Mateo Point, and Don Light during 1978 and 1979.  

Area 
Depth Feeding Role San Mateo Point SONGS SONGS Discharge Don Light 

9.1 m Midwater Planktivores 31 31 28 27 
Water-column and 12 13 15 11 

substrata feeders 
Demersal carnivores 38 36 40 39 
Bottom-feeding 19 20 17 23 

micro-mesocarnivores 

13.7 m Midwater planktivores 28.5 28 -- 28.5 
Water-column and 12 11 -- 24 

substrata feeders 
Demersal carnivores 34 38 -- 34.5 
Bottom-feeding 25.5 23 -- 22 

micro-mesocarnivores 

Otter Trawls. The majority (> 90%) of fish species caught in otter trawls at 
the b.1, 12.2, and 18.3-m isobaths were members of six feeding roles (Figure 
6B-34). Trawling depth accounted for the largest difference in roles. The trawl 
catch at the 6.1-m isobath was dominated throughout 1978-1979 by four feeding 
roles: (1) mid-water planktivores (mainly juvenile Seriphus), (2) filter feeders 
(mainly anchovies), (3) water-column and substrata eeders (mainly adult 
Seriphus), and (4) bottom-feeding micro-mesocarnivores (mainly adult and juvenile 
Genyonemus, Figure 6B-34). Otter trawl catches of numerically dominant filter 
feeding fish were highly variable through time, indicating that filter feeders 
were patchily distributed at mid-depth (12.2 m). Nearshore (6.1 m), mid-water 
planktivore and water-column-substrata feeding groups were dominated by immature 
and adult Seriphus in 1978 and 1979. Likewise, high catches of Genyonemus domi
nated the bottom-feeding micro-mesocarnivore group throughout the study area.
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Figure 6B-34. Relative abundance of fish comprising demersal or water column feeding roles. Based on 
combined data from 1978-1979 otter trawl collections made at 6.1, 12.2, and 18.3 m in the 
San Mateo Point, SONGS, and Don Light areas.
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The four roles dominant at the 6.1-m isobath were also dominant further 
offshore at the 12.2-m isobath. Along the 18.3-m isobath, however, high catches 
of two bothid flatfish, Citharichthys stigmaeus and Paralichthys californicus, 
represented a fifth role of soft-bottom tish that feed above the bottom and 
abundances of pleuronectid flatfishes (Pleuronichthys ritteri, P. verticalis, 
Parophrys vetulus) made up a sixth role of fish that feed on tTFe 50Ktom onTy 
(Figure 6B-34).  

Feeding-guild rank order differed significantly among most areas and depths 
(Friedman's nonparametric ANOVA, P < 0.05; Table 6B-4). Rank orders of feeding 

Table 6B-4. Summed ranks of feeding roles represented by otter trawl catches at San Mateo Point, SONGS, 
and Don Light during 1978 and 1979.  

Area 
Depth Feeding Role San Mateo Point SONGS Don Light 

6.1 m Pelagic 

Filter feeders 20.5 16.5 26 
Midwater planktivores 19.5 20.5 20.5 
Water-column and 29 31.5 27 

substrata feeders 
Bottom-feeding 34 31.5 29.5 
micro-mesocarnivores 

12.2 m Demersal 

Water-column and 32 38.5 39 
substrata feeders 

Pelagic 

Filter feeders 17.5 29 14.5 
Midwater planktivores 34.5 32 36.5 
Water-column and 39.5 25.5 32.5 

substrata feeders 
Bottom-feeding 30.5 25 27.5 
micro-mesocarnivores 

18.3 m Demersal 

Water-column and 16.5 19 26.5 
substrata feeders 

Demersal 28 27.5 31.5 
carnivores 

Pel agic 

Filter feeders 40 28.5 20 
Midwater planktivores 41 48 48.5 
Water-column and 38.5 40.5 41.5 

substrata feeders 
Bottom-feeding 43 46.5 42 
micro-mesocarnivores
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guilds at the SONGS 12.2-m sampling site were not significantly different through 
time. Unlike the 12.2-m isobath sampling sites at San Mateo Point and Don Light, 
the SONGS 12.2-m isobath produced more bottom carnivores and water-column
substrata feeders than filter-feeders (Figure 6B-34).  

EFFECTS OF OCEANIC CLIMATE ON THE COMMUNITY AND SELECT SPECIES POPULATIONS 

Seasonal patterns in the total number of individuals and a select species 
(Seriphus politus) caught in gill nets were compared with seasonal physical 
oceanographic and climatological patterns. The 1975-79 gill net samples from the 
9.1-m isobath in the SONGS and Don Light areas were analyzed.  

The late-fall through early-spring months (November-March) were charac
terized by well-mixed (no thermocline) surface and bottom waters. Beginning in 
late spring (April), a thermocline developed and was strengthened from June 
through October by the combined effects of solar heating of surface waters and 
intrusion of colder bottom water originating from the California current (Tont 
1976, Hartline 1980). During the thermally stratified period (June to October), 
bottom water temperature was the coldest observed during the year. Marked fluc
tuations in temperature occurred during the stratified period compared to the 
non-stratified period (November-March): winds broke up the thermocline for short 
time periods (7 days) so that thermally dissimilar surface and bottom water 
masses subsequently mixed. Also, tides and internal waves caused daily fluc
tuations as much as 4-50 C in bottom temperatures during the thermally stratified 
period.  

Daily rainfall totals and deviations from the six-day moving average of wind 
speed, wave height, and barometric pressure identified periods of storm activity.  
Storm periods showed increased wind speed and wave height (deviation above the 
moving averages), decreased barometric pressure (deviation below the moving 
average), and a measurable amount of rainfall.  

After assigning total and select species (queenfish) abundances to either 
thermally or non-thermally stratified seasons, samples taken after storm or non
storm periods were compared within each "season". Separate comparisons were made 
for the treatment and downcoast control areas because the variance in catch 
usually differed significantly between the two areas (LCMR 1977a, 1978a, SCE 
1979d). Total gill net catches made during calm, thermally non-stratified 
periods were significantly (P < 0.05) greater than catches made during stormy 
periods in both the SONGS and Don Light areas (Table 6B-5). Storm activity 

Table 6B-5. Results of one-way analysis of variance comparing gill net (9.1-m isobath) of Seriphuspolitus 
between storm and non-storm periods during the thermally stratified portions of the year from 
1975 to 1979 at SONGS and Don Light. Significance levels appear opposite the period (storm 
or non-storm) which had significantly greater catches.  

Area 
SONGS Don Light 

Period Comparison Total Catch Seriphus Total Catch Seriphus 

Thermally Non-Storm P << 0.05** P << 0.05 P < 0.05 NS 
Non-stratified vs 
(Feb, Dec) Storm -- -- -- NS 

Thermally Non-Storm -- P < 0.05 NS P < 0.05 
Stratified vs 
(Mar, Apr, Jun, Storm P < 0.05* -- NS 
Aug, Sep, Oct) 
* P < 0.05 Significant at P < 0.05 NS Not significant 
** P << 0.05 Highly significanT at P < 0.05
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during the thermally stratified oceanic season had the opposite effect (Table 
6B-5). Catches were actually greater after storms in the treatment area (SONGS), 
but catches made after storms in the downcoast control area (Don Light) did not 
differ significantly from catches after calm periods.  

Seriphus politus catches were similarly analyzed. In both areas queenfish 
catces a fter periods were, generally, significantly (P < 0.05) greater than 
those made after periods of storm during both the thermally non-stratified 
(winter) and the thermally stratified (summer) periods (Table 6B-5).  

DISCUSSION 

The fish studies currently conducted offshore the San Onofre Nuclear 
Generating Station are designed to provide a baseline to determine possible 
effects of SONGS Units 2 and 3 when they become operational and to monitor the 
local fish community for biological alterations associated with the operaton of 
Unit 1. Interpretation of the results is based upon the assumption that the com
bined fish program (i.e., using otter trawls and gill nets) is monitoring the 
general well-being of the local fish community. Even though sampling is biased 
(i.e., size, substrata, time of day) this assumption may be valid because the 
bias is systematic. Thus, relative differences in the parameters measured are 
meaningful, and relative changes in a few abundant species are probably good 
indicators of community change.  

The fish community in the vicinity of SONGS is characterized by its structure 
and variability in time. At the species level, temporal variability was examined 
by following the population dynamics of selected species as measured by their 
abundance, length-structure (year-class strenth), sex composition and seasonal 
reproductive patterns. Whole community structure was analyzed by multivariate 
classifications of study sites by their species composition and of species by 
their representation at study sites. Feeding guilds were also defined within the 
community, then their composition was followed among depths, seasonal periods, 
and years.  

POPULATION ANALYSIS 

Seriphus politus 

The nearshore habitat (< 18.3 m) in the vicinity of San Onofre supports a 
queenfish, Seriphus politus, population throughout most of the year (LCMR 1976c, 
1977a, 1978a). The temporal (seasonal) and spatial abundance patterns observed 
for gill net catches on the 9.1-m isobath from 1975 to 1979 were also observed 
for gill nets at 13.7 m and for 5-minute otter trawls conducted at the 6.1-m and 
12.2-m isobaths in 1978 and 1979. In general, the adult queenfish population 
increased from April through October (peak catches in October 1978 and August 
1979; Figure 6B-2). Seriphus during this time of the year are reproductively 
active as defined by gonosomatic indices (GSI) and the length structure of queen
fish (juveniles) caught in otter trawls. Increasing mean GSI's from February 
through April indicated the onset of gametogenesis; spawning occurred from April 
through August, as shown by decreasing GSI's (Figure 6B-8). A recovery or 
resting period followed spawning and extended from August to February.  

The dominance of juvenile queenfish in otter trawl catches from April through 
October provided further evidence for reproductive activity. Juveniles were 
first caught nearshore (12.2-m isobath) beginning in March and April (Figure 
68-6). These early arrivals probably migrated inshore from offshore spawning



68-56 

grounds (Skogsberg 1939; Watson, Barnett, and Sertic 1979). Time of spawning may 
have occurred as early as 25 days prior to the March or April surveys as the 
average pelagic phase of queenfish preflexion larvae is approximately 25 days 
(Walker 1979) or these juveniles may have resulted from spawning late in 1978.  
Recruitment of the young-of-the-year to shallow depths (6.1 m) continued from 
June to October. During this six month period, young-of-the-year utilized the 
shallow depths as nursery areas for early growth and development. By October, 
these individuals were sufficiently large to join the adult population and 
migrate to deeper water (Figure 6B-6). Offshore migration reduced the inshore 
population to a small remnant stock of adults and juveniles which over-wintered 
nearshore; juveniles reappear as one-year old individuals (approximately 120 mm.  
SL) the following year. The adult segment of the queenfish population also 
displayed offshore migratory behavior as gill net catches of adults decreased 
dramatically from October to February (Figure 6B-2).  

Physical factors which might initiate or mediate this distribution and abun
dance pattern are presently unknown, although oceanic "disturbances" such as 
storms and cold water intrusions (upwelling) may be partially responsible. An 
evaluation of long-term temperature cycles (BC 1978, SCE 1979a), climatological 
data, and queenfish catches indicate that onset of spawning and initial juvenile 
recruitment coincided with decreasing water temperatures generally associated 
with the intrusion of cold water derived from the California Current (Tont 1976, 
Hartline 1980). During the past two years (1978, 1979) four upwellings, defined 
by rapidly decreasing bottom temperatures, occurred coincident with fish surveys 
(August and October 1978; June and August 1979). These surveys were conducted 
under thermally stratified, non-storm conditions, (i.e., the water column was 
stable). Comparison of queenfish catch obtained in this period (August, October 
1978; June, August 1979) with that obtained during thermally stratified storm 
periods preceeding surveys (April 1977, June 1976, September 1976, October 1979; 
i.e., water column instability), indicated significantly greater Seriphus catches 
during the calm periods.  

It is suggested that upwelling may occur at a time when adult and juvenile 
queenfish are migrating inshore. Inshore migratory patterns may result from: 
(1) avoidance of the cold oxygen depleted upwelled water (Laevastu and Hela 
1970); (2) avoidance of upwelled water combined with abundant food and cover 
nearshore; or (3) presence of abundant food and cover. It is interesting to note 
that high catches of juvenile queenfish (as small as 10 mm SL) in otter trawls 
were taken during the thermally stratified, calm (water column stability) months 
of August, October 1978 and 1979 (Figure 6B-6). This situation (water column 
stability and high abundance of larval and post-larval fish) parallels that shown 
for the northern anchovy, Engraulis mordax, in which temporal and spatial stabi
lity of the ocean is considered essential for survival and growth of first 
feeding larval Engraulis (Lasker and Zweifel 1978) and older larvae (Vlymen 
1977).  

The reasons for offshore migration of queenfish in October to December in 
1978 and 1979 are also uncertain. During the thermally non-stratified (water 
column instability) part of the year (December), catches of queenfish were 
reduced following storm periods. This reduction indicates that queenfish may 
migrate offshore to avoid heavy surge and terrestrial runoff accompanying winter 
storms.  

Female Seriphus dominated gill net collections inshore (9.1 m) and offshore 
(13.7 m) except in the beginning of the year at Don Light (Figure 6B-7). Inshore 
(6.1 m) otter trawl catches also contained mostly females (Figure 6B-7). However, 
male queenfish dominated the offshore (12.2-m) otter trawl catches. Perhaps gill 
nets are more efficient at catching the relatively larger females, yet the
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inshore-offshore distribution of sex ratios reflects the overall sex composition 
of queenfish populations observed off San Onofre during 1978 (SCE 1979b).  

Mean queenfish catch from gill nets set near the SONGS Unit 1 discharge 
structure remained uniform during winter in contrast to declining catches in all 
other areas on the 9.1-m isobath (Figure 6B-4). Mean GSI values indicated that 
fish collected near the SONGS Unit 1 discharge were in differenct reproductive 
condition than those sampled in other areas. Queenfish in this localized area 
appear to have matured and spawned earlier (as indicated by depressed GSI's) than 
queenfish in other areas (Figure 6B-8). The hypothesis that the thermal dis
charge influences the maturation of these fish seems highly unlikely because 
migratory patterns indicate that fish may continually move in and out of the area 
of the thermal plume. Perhaps short-term exposure to slightly elevated tempera
tures ("thermal stress") induces spawning in females that are already ripe 
(Jalabert 1976). Larger queenfish naturally begin spawning earlier than average 
size females (DeMartini and Fountain 1979), but the size distribution of females 
from the SONGS Unit 1 discharge area resembled that of fish collected at the same 
depth in other areas. No other effects of the Unit 1 discharge were noted for 
queenfish populations.  

Genyonemus lineatus 

The nearshore habitat of San Onofre also supports a large population of white 
croaker, Genyonemus lineatus throughout the year (LCMR 1976c, 1977a, 1978a). The 
temporal and spatial patterns observed in gill net catches from the 9.1-m and 
13.7-m isobaths in 1978 and 1979 indicate that fish move inshore from March to 
December (Figures 6B-10, 11). By February, white croaker have moved offshore 
again, where the cycle repeats itself. Evaluation of GSI's for white croaker 
indicate that adults enter spawning condition in October and apparently spawn 
offshore at depths deeper than 20 m (Chapter 6A Ichthyoplankton; Walker 1979; 
Watson, Barnett, and Sertic 1979; DeMartini personal communication). Spawning 
continues through April. Beginning in February or March, a larval recruitment 
pattern similar to that for queenfish, was evident from length frequencies of 
fish caught in otter trawls. Young-of-the-year begin appearing in trawl catches 
at the 12.2-m site in March (Figure 6B-13). From March through October continued 
recruitment and growth occur nearshore (Figure 68-13) until December, when 
overall numbers decline. Like queenfish laggards, the remaining Genyonemus make 
up a remnant or maintenance population which over-winters in the SONGS vicinity.  

The similarity in spatial and distributional patterns between queenfish and 
white croaker from March to December in 1978 and 1979 suggests that fluctuation 
in weather between unstable periods of upwelling or storms and stable periods of 
water column stratification (August, October) affect distribution of juvenile 
white croaker in much the same manner as postulated for queenfish.  

Unlike queenfish, white croaker were not sexually dimorphic in size, in time 
of maturation, or in spatial distribution. These 1979 results agree with the 
1978 results (SCE 1979d).  

Like queenfish, female white croaker caught in gill nets set near the Unit 1 
discharge had depressed GSI's as. though they were either less fecund to begin 
with or induced to spawn early (Figure 6B-15). The implications of this are 
obscure. Since, like queenfish, members of the croaker family are highly fecund, 
broadcast spawners producing several thousand eggs per spawning (DeMartini and 
Fountain 1979), it seems unlikely that a lowered fecundity in one segment of the 
population would affect the whole. Relatively few highly fecund fishes with this 
kind of "high fecundity, high mortality" reproductive strategy can maintain the 
population at large; i.e., fecundity is generally uncorrelated with the size of 
the adult population at any given time (Rounsefell 1975). Large predatory
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fishes that usurp localized areas of thermal discharge gain a metabolic advantage 
over their prey in cooler peripheral areas (Coutant, et al. 1979). If such pre
dators so deploy themselves at SONGS, they may differentially crop more 
vulnerable prey (gravid females) in the immediate vicinity. Perhaps SONGS 
catches reflect this.  

Hyperprosopon argenteum 

The temporal and spatial abundance patterns of the walleye surfperch, 
Hyperprosopon argenteum, somewhat resemble those of Seriphus and Genyonemus. The 
series of gi I net catches from 1975 to 1979 at the 9 .1-m isobath and from 1q78 
to 1979 at the 13.7-m isobath indicate that adults tend to move offshore from 
December to June and inshore from June through October (Figures 6B-17 and 6B-18).  
Otter trawl catches of walleye surfperch indicate that recently born juveniles 
accompany the adults during the offshore movement (Figure 6B-14).  

Female walleye surfperch probably move inshore to bear young conceived in 
October-December (Rechnitzer and Limbaugh 1952). Maximum otter trawl catches of 
pregnant females occurred inshore during June (Figure 6B-19). The time between 
fall mating and the presence of 40-70 mm SL juveniles inshore corresponds to the 
six month gestation period described by Richnitzer and Limbaugh (1952). Juvenile 
Hyperprosopon probably remain nearshore for a relatively short time (1-2 months), 
because 60-85 mm SL individuals (90% of the catch) were caught offshore (12.2 m) 
only 1-2 months later in August (Figure 6B-19). Like queenfish and white 
croaker, walleye surfperch may have left the sampling area during December 1979 
in response to relatively severe storm activity.  

The mean catch of Hyperprosopon in the study area has declined gradually 
since the sampling program began in 1975. Although gill net catches of 
Hyperprosopon are relatively small and variable this trend is clear (Figure 
6B-17). Mean catches of Hyperprosopon in 1979 were generally lower than any pre
vious year. The reason for this decline is presently unknown but may be related 
to their reproductive strategy and localized movement patterns. Like all 
embiotocids, walleye surfperch have a "low fecundity, low mortality" reproductive 
strategy. Females bear relatively few but large and robust young, a relatively 
large proportion of which survive to maturity (Rechnitzer and Limbaugh 1952).  
Surfperches also display a limited range of movement during their lifetime as 
evidenced in tagging and observational studies (Carlisle, Schott, and Abramson 
1960; Hixon 1979, Halderson 1980). Regardless of the reason for the decline, 
these characteristics suggest that walleye surfperch are not compensating for the 
decline by births or immigration.  

Phanerodon furcatus 

Phanerodon furcatus, the white surfperch, exhibits a reproductive strategy 
similar to that of Hyperprosopon. Its seasonal cycle of mating and birth coin
cides with that of Hyperprosopon (insemination during fall and winter; birth in 
April and May). However, the spatial distribution of Phanerodon during the 
reproductive portion of the year differs from that of Hyperprosopon. Unlike 
Hyperprosopon, Phanerodon tends to remain offshore (9.1-m isobath) during the 
breeding season, rather than moving inshore (Figures 6B-21, 22, and 23). The 
series of gill net catches from 1975 to 1978 (Figure 6B-21) indicate that this 
cycle occurred regularly through 1978. Yet in 1979, mean catches of Phanerodon 
were significantly reduced. Surface and bottom water temperatures during 
November and early December in 1979 were 2-30C cooler than in the previous years.  
Cooler water prior to, or during the reproductive season may have delayed 
breeding.
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The general decline in walleye surfperch catch from 1975 to 1979 was not 
matched by Phanerodon during this period (Figure 6B-21). Yet a decline in both 
might have been expected because both surfperches have similar distribution pat
terns and reproductive strategies.  

COMMUNITY ANALYSIS 

A multivariate classification (cluster analysis) of the fish community repre
sented by gill net catch offshore SONGS indicated that the composition of the 
fish community as measured by groups of associated sampling sites or of fish spe
cies varied most with depth and that this variation persisted somewhat through 
time. The absence of similar predictability in species composition among 
sampling areas (stations) may reflect localized and, for the most part, unknown 
movement of fish between cobble and marginal habitats where the gill nets were 
set. With the exception of those of a persistent ubiquitous group of fishes with 
different feeding roles (Seriphus politus, Genyonemus lineatus, and California 
corbina, Menticirrhus unduTitus), a more localized group of demersal carnivores 
(pile surfperch, Damalichthys vacca, rubberlip surfperch, Rhacochilus toxotes, 
grass rockfish, Sebastes rastrelliger, California sheephead, PTmelometopon 
pulchrum); and a diverse group of water-column and substrata feeders (white 
seabass, Cynoscion nobilis, leopard shark Triakis semifasciatas, gray smooth
hound, Mustelus californicus, kelp bass, Paralabrax clathratus, barred sandbass, 
Paralabrax nebulifer), consistent distributional and abundance patterns were not 
readily apparent. The absence of pattern observed from gill net catches likely 
stems from the inability to accurately sample moving fish assemblages at fixed 
sites.  

Considerable evidence (Bray and Ebeling 1974, Murdock, Avery and Smith 1975, 
Love and Ebeling 1978) indicates that predatory fish may switch prey items 
depending upon season, geographic area and faunal mix, changing habitat, and den
sity of prey. Although many of the fish taxa in the San Onofre vicinity exhibit 
distinct feeding roles there is evidence (Quast 1968b) that considerable dietary 
overlap exists between demersal carnivores for heavily utilized prey such as gam
marid amphipods and crabs. Localized movements, therefore, may be related in 
part to mutual foraging activity by resident species whose diets broadly overlap.  

Changes (short-term or long-term) in nearshore oceanic climate and its effect 
on nearshore fish community dynamics, until recently, have either been unre
cognized or understated (Mearns 1978). In an intensive study by the Southern 
California Coastal Water Resources Project (SCCWRP) of nearshore (10 to 360 m) 
demersal fish communities in the Southern California Bight, significant community 
changes were correlated with long term (10 year) changes in oceanic temperatures 
(Mearns 1978). On the shorter term, yearly changes were associated with onset of 
upwelling. When upwelling occurred, many demersal fish species avoided the 
intruding, cold, oxygen depleted water by moving inshore or upward in the water 
column and offshore (SCCWRP 1973). In addition, "... it seems reasonable to pre
sume that demersal fish will also avoid other kinds of water mass changes, such 
as those associated with strong storm runoff..." (SCCWRP 1973). In the present 
study off San Onofre analysis of the relationship between total gill net catch 
and storm activity for the 9.1-m isobath from 1975 to 1979 substantiates this 
hypothesis for the thermally non-stratified portion of the year (November, 
December, January, February). The total fish catch was significantly reduced 
during the unusually stormy periods of December 1978 and December and February 
1979 (Table 68-5). During the thermally stratified portion of the year (June, 
August, September), however, when breeding and newly recruited populations of two 
croaker species (queenfish and white croaker) are very abundant nearshore (LCMR 
1978c), total catches were actually higher after relatively mild summer storms.  
Perhaps the breeding population, which remain inshore, are most vulnerable to 
gill nets then (May, Trent and Pristas 1977).
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The site and species classifications based on otter trawl catches resolved 
well-defined spatial and temporal groups within the demersal fish community 
sampled on soft substrata. Consistent differences in group composition with 
depth was most likely related to seasonal breeding and recruitment patterns and 
to a habitat discontinuity at the 18.3-m isobath. An inshore group including 
queenfish, barred surfperch, Amphistichus argenteus, California corbina, and 
thornback ray, Platyrhinoidis triseriata, best illustrate the predictable spatial 
and temporal pattern. Juvenile and adult queenfish numerically dominate otter 
trawl catches from June through October. Their distribution appears to be 
limited to the 6.1 and 12.2-m isobaths from April through September. Then from 
October through December they move offshore, either leaving remnant populations 
inshore between the 6.1 and 12.2-m isobaths (as in 1978) or evacuating the 
inshore area completely (as in 1979). Reasons for the prolonged residence time 
(April through September) and the offshore movement are little known. Aside from 
the presence of sexually mature female queenfish in nearshore waters as predicted 
by their reproductive pattern (Skogsberg 1939), large numbers of young-of-the
year and year-old queenfish have dominated nearshore otter trawl catches for the 
past two years from June through October (see discussion of select species 
populations). Perhaps during the thermally non-stratified portion of the year 
(January through April) maintenance populations of the inshore species group 
reside inshore. Beginning in March some species (queenfish) start spawning and 
continue until August (DeMartini 1979). Coincident with initial larval recruit
ment and spawning, upwelling drives juveniles and spawning adults inshore where 
they avoid the cold water (Mearns 1978). Juvenile fish remain inshore where 
cover and food (possibly resulting from phytoplankton blooms) are plentiful 
throughout the thermally stratified portion of the year. Then winter storms, 
dwindling food resources and/or changes in feeding behavior drive the majority of 
the population offshore again. Corroborative evidence for such oceanic events 
affecting distribution and abundance patterns and cohort strength of fish species 
are provided by Lasker and Zweifel (1978), Mearns (1978), Parrish and MacCall 
(1978), and Hayman and Tyler (1980).  

As sampled by a combination of gill net and otter trawl catches over the past 
several years, the fish community offshore SONGS contains a diverse assemblage of 
demersal and water-column fishes displaying a wide variety of feeding habits.  
Distributional variability in time and space probably results from localized 
foraging movements during much of the year combined with movements associated 
with spawning and juvenile recruitment. Oceanic events, including upwelling and 
storm activity (including rainfall), may mediate these movement patterns -and 
serve as "forcing functions". Superimposed on these long-term onshore-offshore 
shifts in fish abundance are daily shifts bypassed by present sampling. For 
example, walleye surfperch and queenfish move offshore at night (DeMartini 1979) 
to eat plankton (Ebeling and Bray 1976; Hobson and Chess 1978). The treatment 
site (SONGS) did not contain unique fish groups relative to the control areas nor 
did a given species group numerically dominate the treatment site. Operation of 
SONGS Unit 1, therefore, had no apparent effect on fish community structure eva
luated by classification analysis.  

FEEDING GUILDS 

Analysis of feeding guilds was designed to assess spatial and temporal pre
dictability of the distribution of fishes, that have similar feeding (trophic) 
roles in the community. Water-column and substrata feeders, represented abun
dantly by such switch feeding carnivores as adult queenfish, kelp bass, and 
barred sand bass, made up the most predictable (in terms of their rank abundance 
among areas and through time) guild caught in gill nets, followed by bottom 
micro-mesocarnivores, (generalized feeders that eat both small and medium-sized
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prey from the bottom in a variety of level-bottom habitats), midwater 
planktivores, and demersal carnivores (fish that select prey from benthic 
refuges).  

The spatial predictability of these groups probably relates to substrata type 
and onshore coastal physiography. Quast (1968a) conducted an intensive study of 
the rocky inshore fish fauna off of Del Mar, California and two sites further 
south. He suggested that substratum character was of primary importance to the 
species composition of rocky inshore fishes. Comparing the composition of the 
San Onofre feeding guilds with those of Quast reveals many similarities. In 
particular, groups of fishes caught in gill nets in the SONGS vicinity resembled 
Quast's (1968a) "Zone I!" and "Zone III" fish assemblages. The substratum at San 
Onofre gill net stations consists primarily of a low-relief (< 30 cm) mosaic of 
cobble and boulders interspersed with sand channels and patches. Quast's Del Mar 
site (and other sites) also had channels and patches of sand breaking up the pre
dominantly rocky sample site. Similarities in the coastal physiography of the 
Del Mar and San Onofre sampling sites may also partly account for their similar 
fish assemblages. Both sites are characterized by extensive areas of sand beach 
exposed to heavy surf. Poorly compacted, eroding sea cliffs criss-crossed by 
discontinuously flowing streams and creeks form the inshore boundary of the 
beach. These streams discharge substantial amounts of terrigenous sediment 
during periods of high rainfall, thereby contributing additional material to the 
seasonal cycle of sand accretion and erosion, and increasing nearshore turbidity 
(Chapter 5B).  

High rank orders of some guilds were first thought to simply reflect 
overwheliming numbers of adult queenfish, a water-column and substrata feeder, 
and white croaker, a bottom micro-mesocarnivore. Eliminating these species from 
the analysis, however, did not alter the spatial or temporal patterns observed.  
This suggests that as entire groups of several species the guilds ranked highest 
in total abundance (water-column and substrata feeders, and bottom micro
mesocarnivores), also have the functionally dominant feeding roles in the San 
Onofre study area. The relatively low rank of midwater planktivores (black
smith, Chromis punctipinnis; northern anchovy, Engraulis mordax; and jacksmelt, 
Atherinopsis californiensis) in gill net catches is expected for two reasons.  
First, e absence of Tigh relief substrata excludes large numbers of 
blacksmith, which shelter in rock holes at night (Ebeling and Bray 1976), and 
second, slender fish of the other species may be relatively adept at avoiding 
entanglement in gill nets. The lowest ranking guild of demersal carnivores con
tains many species that may be relatively rare in the SONGS sampling sites.  
Some demersal carnivores like the rubberlip surfperch, gopher rockfish, Sebastes 
carnatus, and sheephead, eat prey such as crabs associated with thick algal turt 
and complex refuges, and require shelter in rock holes or crevices. Since these 
requirements are generally not met in the study areas, abundances of these fishes 
are low. Other demersal carnivores like the black surfperch, Embiotoca jacksoni, 
and pile surfperch, require only the turf food source and algal cover for their 
young. Therefore, they occur in fair numbers over the cobble bottom under San 
Onofre Kelp, and so are taken frequently, though not abundantly in gill nets at 
the periphery of their habitat. Thus they are predictably represented in the 
samples.  

Although the movement patterns of many of the species comprising the feeding 
guilds are unknown, the consistency of their rankings among seasons indicates 
that many of the member species are resident off San Onofre during most of the 
year. The switch-feeding carnivores, a subset of water-column and substrata 
feeders, including queenfish, kelp bass, and barred sand bass best exemplify 
such resident species which have always been recorded at San Onofre. Historical
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gill net catch records off San Onofre (LCMR 1976d, 1977b, 1978c) consistently 
documented the occurrence of queenfish throughout most of the year. Intensive 
tagging of adult kelp bass off southern California indicated that recaptures 
(80%) were near the release sites (Collyer and Young 1953, Young 1963). The 
regularity with which water-column and substrata feeders are sampled indicates 
that most member species may remain and feed within a definite area.  

Midwater planktivores (e.g., juvenile queenfish and walleye surfperch), 
filter feeders (northern and deepbody anchovies), water-column and substrata 
feeders (adult queenfish), and bottom-feeding micro-mesocarnivores (mainly adult 
and juvenile white croaker) predominated in otter trawl catches. Unlike feeding 
guilds as sampled by gill net, guilds sampled by otter trawl were highly variable 
in distribution, both in time and space.  

Feeding roles varied mostly with depth of sampling site. The general cate
gory of fish that forage near or on the bottom most clearly shows how guild com
position may vary bathymetrically. Between inshore-shallow (6.1 and 12.2 m) and 
deep (18.3 m) stations, fish that feed on or above soft bottoms (Table 68-2; 
flatfishes including the longfin sanddab, Citharichthys xanthostigma; hornyhead 
turbot, Pleuronichthys verticalis; spotted turbot, P. ritteri; and fantail sole, 
Xystreurys liolepis) replace bottom-feeding micro-mesocarnivores of mixed-bottom 
habitat (black croaker, Cheilotrema saturnum; California corbina, and white 
croaker). Predictably, then, marked difference in habitat occurs between the 
18.3-m and 12.2-m isobaths. Inshore of the 18.3-m isobath, the substratum 
surrounding otter trawl stations is a mosaic of cobble and sand, while the bottom 
habitat seaward of the 18.3-m isobath is predominantly sand (LCMR 1975e). This 
bathymetric change between inshore and offshore habitats results in two different 
guilds assuming the same general feeding role. This supports Allen's (1974) 
suggestion that species having similar feeding roles are often found at different 
depths and/or habitats.  

Perhaps much of the temporal variability in feeding guilds as sampled by 
otter trawl is caused by complex onshore-offshore movements of the most abundant 
species, which are difficult to follow through fixed sampling sites. Near SONGS 
(SCE 1979d) juvenile and adult queenfish and white croaker exhibit distinct 
seasonal movement patterns related to their reproductive activity (spawning), 
growth of juveniles in nearshore areas, and eventual recruitment of adults in 
offshore feeding grounds. Over the past two years (1978-1979) queenfish moved 
inshore during spring (spawning and juvenile recruitment in a relatively 
predator-free environment) and offshore during fall and winter. Sampling such 
migrating populations along with very patchily distributed filter feeders 
(Engraulis mordax) makes for what appears to be a dynamic and vagarious sampling 
universe.  

In addition to the natural variability mentioned above, a physical distur
bance related to construction activities of Units 2 and 3 may have also contri
buted to catch variability. At the time (August and December 1979) when filter 
feeders ranked highest in abundance in all other sampling areas and depths, they 
ranked lowest at the SONGS 12.2 m site. During the preceeding week the mean 
dredge displacement volumes were greater (1001 and 1678 yd3 during the seven 
day period prior to and including the 27 August and 17 October, 1979 surveys, 
respectively) than before any other 1979 surveys (SCE 1980a). Transmissivity 
values at the SONGS 12.2 m isobath sampling site were lower (SCE 1980a) than at 
the reference areas. Perhaps coinciding increase in dredge spoil displacement 
and decrease in transmissivity discouraged the filter feeding species which 
generally avoid turbid waters (Livingston 1976).
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Other than ephemeral effects resulting from construction activities, SONGS 
Unit 1 operations did not effect fish feeding guilds; further, the guilds pre
sent at San Onofre are those expected for cobble-mosaic habitats in Southern 
California.  

SUMMARY 

A detailed analysis of the 1979 data compared with 1975, 1976, 1977, and 1978 
results indicated the following.  

1. Queenfish, Seriphus politus; white croaker, Genyonemus lineatus; walleye 
surfperch, Hyperprosopon argenteum; white surfperchThanerodon furcatus; 
and northern anchovy, Engraurismordax were the numerically dominant species 
sampled by gill nets and otter trawls.  

2. The fish community offshore SONGS is composed of a diverse assemblage of 
demersal fish displaying a wide variety of feeding habits. Temporal and spa
tial variability of distributions of fish may reflect their localized 
foraging movements during much of the year superimposed on seasonal inshore 
breeding migrations and subsequent recruitment offshore.  

3. Climatic disturbances, including upwelling and storm activity may act in con
sort with seasonal variation in temperature to initiate and control these 
movements either directly of indirectly by affecting the fishes' food supply 
and refuge.  

4. Analysis of population abundances of Seriphus politus, Genyonemus lineatus, 
and Hyperprosopon argenteum caught in gill nets and otter trawls revealed 
that seasonal increases occurred from April through October followed by a 
sharp decrease in December. Abundances of Phanerodon furcatus were low 
throughout the year in gill net catches, but increased during June and August 
in otter trawl catches. Increasing abundances of sciaenids and embiotocids 
during the summer were related to recruitment of young, while winter popula
tion declines were related to either offshore or upward movements in the 
water column.  

5. Length frequencies of Seriphus politus and Genyonemus lineatus were bimodal 
for most of the year. 1 -arge catchesoT juveniTe queentsh and white croaker 
during March through October in shallow depths (6.1 to 12.2 m) indicate that 
recruitment was high during this period in 1979 and that nearshore waters are 
nursery grounds for both sciaenids and embiotocids. The 1978 results show a 
similar pattern.  

6. Analysis of sex ratios revealed no seasonal trends for Genyonemus or 
Hyperprosopon. Female Seriphus predominated gill net catches at 9.1 m 
throughout the San Onofre region. Phanerodon females were dominant in gill 
net catches near offshore kelp beds. Otter trawl samples were dominated by 
juveniles of both sciaenid species (Genyonemus and Seriphus) throughout most 
of the year.  

7. Seasonal variation in reproductive condition of Seriphus and Genyonemus, 
based on gonosomatic indices, indicates that they spawn during the summer and 
winter, respectively. Female queenfish and white croaker caught near the 
Unit 1 discharge had relatively low GSI's indicating that they had spawned 
earlier in the season or were less fecund.
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8. The fish community offshore does not appear to be adversely affected by the 
discharge of Unit 1 cooling water; the discharge and intake riser structures 
may attract certain fish species.  

9. It appears that much of the variability in species composition and abundance 
may be attributable to natural onshore-offshore movements which may be 
influenced either directly or indirectly by oceanic events such as upwelling 
and storm activity.  
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CHAPTER 6C 

ADULT FISH IN-PLANT 

INTRODUCTION 

The ongoing marine monitoring studies reported in this chapter are being con
ducted to meet objectives approved by the Nuclear Regulatory Commission (NRC) 
Section 3.1.2a(2) Impingement of Organisms for San Onofre Nuclear Generating 
Station (SONGS) Unit 1. Broadly stated the ETS objective is to determine the 
effects of SONGS Unit 1 impingement on the marine fish resources in the vicinity 
of the generating station. These studies are also being conducted in compliance 
with the National Pollutant Discharge Elimination System (NPDES) permit for SONGS 
Unit 1, which requires that results be reported to the California Regional Water 
Quality Control Board (CRWQCB), San Diego Region and the regional office of the 
Environmental Protection Agency.  

All 1979 biological data analyzed in this chapter is presented in Volume IV 
of the Annual Operating Report, San Onofre Nuclear Generating Station-Biological 
Data 1979 (SCE 1980d).  

This chapter presents the objectives of the fish impingement studies, the 
approach used to meet these objectives, and a review of past studies at SONGS.  
Methods of data collection and analysis are also included. Results are discussed 
in light of specific topics directed toward the combined fish program study 
objectives.  

This section develops estimates of the number and weight of the total 
impingement catch, the impingement catch of select species, and analyzes size 
(age) and sex structure of select impinged species. Size and sex structure of 
impinged fish is compared with offshore fish data to determine if SONGS Unit 1 
impingement is selective with respect to these factors. The relationship between 
impingement and various climatic variables is also discussed.  

BACKGROUND 

In order to place the study objectives and results into perspective, a brief 
description of past impingement studies is presented.  

Comprehensive impingement studies at SONGS began in July 1974 and continue to 
date. The objectives of the fish impingement program are to define the magnitude 
of fish impingement and to relate this information to offshore fish populations.  
In-plant sampling during heat treatments and normal operation periods was ini
tiated in 1974 to achieve these objectives. Historical impingement over four 
previous years (1975, 1976, 1977, 1978) .has averaged approximately 332,833 indi
viduals weighing an average of 29,977 lb per year. The abundant species 
impinged, by number, for these years are queenfish, walleye surfperch, white 
croaker, and white surfperch.
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METHODS 

HEAT TREATMENT 

Heat treatments practiced at SONGS Unit 1 involve recirculating approximately 
two-thirds of the normal discharge flow back through the condenser to achieve a 
lethal temperature of 105 0F in the screenwell, which controls biofouling. The 
intake conduit is heat treated in this manner every six weeks.  

During each heat treatment, fish collected by the traveling screens and bar 
racks are identified, enumerated, weighed, and measured. In addition, all fish 
that are measured are also examined for disease and/or abnormalities. Sex ratios 
of resident species (Reference: letter of 4 December 1974 from J. E. Fitch, 
California Dept of Fish and Game'to A.R. Strachan, SCE) are estimated from sub
samples when posssible.  

NORMAL OPERATION 

During normal plant operation samples were taken at least weekly. The total 
weight and number of fish, by species, removed from the traveling screens and bar 
racks over a continouous period of 24 hours were monitored at least once per week 
during the first three weeks following heat treatment and twice per week 
thereafter, until the next heat treatment.  

DATA ANALYSIS 

Analysis of impingement catch involves (1) estimating the annual total and 
select species catch, (2) describing the length frequency distributions of the 
select species, (3) estimating sex ratios of select species and (4) relating 
impingement catch to climatic variables from 1975 through 1979.  

The annual impingement catch in weight and numbers of fish is estimated as 
the sum of monthly means weighted by the total number of operational plant days 
per month. An operational day is defined as any day during which circulating 
pumps are operating. This sum, calculated from the monthly stratified samples, 
estimates total annual impingement under normal flow conditions. The standard 
error of the stratified sample total is the sum of monthly values and is 
expressed as: 

S(I) = /E (Nh - nh) n1 Sh 2 

where S(I) = standard error of total impingement 

Nh = total number of operational plant days in stratum h 
(month) 

Sh2 = sample variance of impingement catch in stratum h (month) 

nh= number of impingement samples in stratum h (month) 

The total annual impingement estimate for Unit 1 is the sum of the estimated 
total impingement under normal flow, plus the total impingement during heat 
treatment.
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Length frequency histograms are presented for Seriphus politus which con
sistently comprises the greatest part of the SONGS UniT1 impingement catch.  
Analysis of length frequency samples for other select species (see Chapter 6B) 
taken under normal flow and heat treatment operations suggests that individuals 
of these species are impinged soon after entrapment rather than remaining in the 
screenwell for a period of time (LCMR 1978c). Histograms based on impingement 
samples describe length frequency distributions of these species taken for 
approximately the same dates (13, 15, 16 February; 17, 19, 22 April; 24, 27, 28' 
June; 24, 29,31 August; 12, 16,19 October; and 11, 14, 19, December) as fish sur
veys in receiving waters. Since impinged fish were sampled during the period 
that fish in receiving water samples were collected, length frequencies of 
impinged fish can be compared with those of fish sampled offshore.  

Sex ratios of the selected species are presented as bar graphs. As above, 
comparisons are made between impingement and receiving water samples that were 
taken within a similar time period.  

The analysis of the relationship between impingement and meteorological 
events (i.e., storms) consisted of removing (filtering) seasonal trends from 
impingement and weather data via weighted moving averages and applying a multiple 
linear regression model to the filtered data. The weather variables used in the 
analysis consist of daily wind speed, wave height, and barometric pressure data 
obtained from U.S. Coast Guard weather station at San Mateo Point, Ca. Impinge
ment data (number of fish impinged) were transformed using a ln (x + 1) transfor
mation and then standardized by the number of days per impingement sample.  

Weighted moving averages were calculated by assigning a weight of 60 (2 
months) to the first impingement sample (nodal point). Remaining samples receive 
a weight which linearly decreases with distance (days) from the nodal point, with 
a weight of zero being reached at 60 days from the nodal point. New weighted 
means are calculated using the same procedure but in the reverse direction.  
Values used in these calculations are those from the first estimate.  

The maximum R-squared improvement technique multiple regression model was 
used to evaluate the relative importance of each weather variable with respect to 
impingement. Three values for each weather variable except barometric pressure, 
were entered into the model: the average of the daily average values (WIAVE = 
average wind; WVAVE = average wave), the maximum of the daily maximum values 
(WIMAX = maximum wind; WVMAX = wave maximum; BPH = maximum barometric pressure), 
and the minimum of the daily maximum values (WIMIN = minimum wind; WVMIN = mini
mum wave; BPL = minimum barometric pressure).  

RESULTS 

ANNUAL IMPINGEMENT ESTIMATE 

The estimate of 1979 fish impingement is based upon 93 normal flow impinge
ment samples and six heat treatment samples. Heat treatment samples consisted of 
an assessment of all fish impinged during the heat treatment, while normal plant 
operation samples evaluated individuals impinged during a 24-h period of normal 
plant operation (i.e., circulator pumps operating in normal configuration). A 
complete account of all species enumerated from the 93 normal operation samples 
and six heat treatment samples is presented in SCE 1980d. Table 6C-1 shows the 
rank order of abundance by number of individuals observed in samples collected in 
1980. Estimated monthly impingement catches for total fish and select species by 
individuals and weight are presented in Table 6C-2. Table 6C-3 presents annual
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Table 6C-1. Rank order of abundance by number of individuals.  

Number of Percent 
Rank Species Common Name Individuals of Total 

1 Sei hus olitus Queenfish 112,737 68.3221 
2 rpr~ s opon argenteum Walleye surfperch 23,141 14.0242 

3 Engraulis mordax Northern anchovy 6,714 4.0689 

4 enyoemusTIinetus White croaker 6,369 3.8598 

5 Atherinops affinis Topsmelt 5,036 3.0520 
6 anero on TurcaTus White surfperch 2,618 1.5860 

7 Cymatogaster a re ata Shiner surfperch 1,862 1.1284 
8 Peprilus simill mus Pacific butterfish 899 0.5448 

9 Anisotremus davidsoni Sargo 847 0.5133 
10 Atherinopsis-caTif-ormiensis Jacksmelt 571 0.3460 

11 Anchoa compressa Deep body anchovy 509 0.3085 
12 imlotTa jacksoni Black surfperch 369 0.2236 

13 Urolophus halleri Round stingray 306 0.1854 
14 a r x enu ifer Barred sandbass 212 0.1285 

15 Leuresthes tenuis California grunion 211 0.1279 
16 UamaFictmfys vacca Pile surfperch 193 0.1170 

17 Torpedo californica Pacific electric ray 191 0.1158 
18 A3?Tgfirhys notatus Plainfin midshipman 181 0.1097 
19 Menticirrhus undulatus California corbina 173 0.1048 
20 S-ualus acant Spiny dogfish 171 0.1036 
21 Xenistius californiensis Salema 170 0.1030 
22 1cra T Futfata Sculpin 166 0.1006 
23 Cheilotrema saturnum Black croaker 146 0.0885 
24 Paralichthys c-aiTornicus California halibut 116 0.0703 
25 Medialuna californiensis Halfmoon 114 0.0691 
26 Umbria roncador Yellowfin croaker 94 0.0570 

27 Sngnathus spp. Pipefish 76 0.0461 
28 inn a os prodUCtUS Shovelnose guitarfish 73 0.0442 
29 Platyrbinoidis triseriata Thornback 55 0.0333 
30 Paralrax clathratus Kelp bass 50 0.0303 
31 Roncador stearnsi Spotfin croaker 45 0.0273 
32 Porichthys mEyLaster Specklefin midshipman 44 0.0267 
33 Heterostichus rostratus Giant kelpfish 42 0.0255 
34 Rhacochilus toxotes Rubberlip surfperch 41 0.0248 
35 Citharichthys stigmaeus Speckled sanddab 38 0.0230 
36 Cynosciono itsii White seabass 36 0.0218 
37 Sebastes rastrelliger Grass rockfish 35 0.0206 
38 Teromis puncTipinnis Blacksmith 34 0.0206 
39 Mustelus californicus Gray smoothhound 33 0.0200 
40 UireTa nigricans Opal eye 22 0.0133 
41 Brachyistius frenatus Kelp surfperch 21 0.0127 
42 bYmArmora a California butterfly ray 20 0.0121 
42 Hypsoblennius jenkinsi Mussel blenny 20 0.0121 
42 Uphidm scrippsi Basketweave cusk eel 20 0.0121 
43 Hypsopsetta guttulata Diamond turbot 18 0.0109 
44 ais catornica Bat ray 17 0.0103 
44 Sebastes paucispinis Bocaccio 17 0.0067 
45 Ampiistic us argenteus Barred surfperch 11 0.0067 
45 Pimelometopon pulchrum California sheephead 11 0.0067 
46 Hypsoblennius 9I erti Rockpool blenny 10 0.0061 
47 Heterodontus francisci Horn shark 9 0.0055 
47 Pleuronichthy tteri Spotted turbot 9 0.0055 
47 Sebastes serranoides Olive rockfish 9 0.0055 
48 5corPaenichthys marmoratus Cabezon 7 0.0042 
48 Sphraena argentea California barracuda 7 0.0042 
48 rasseml asclata Leopard Shark 7 0.0042 
49 Trachurus symmetricus Jack mackerel 6 0.0036 
50 Plirilthys coenosus C-0 turbot 5 0.0030 
50 Xystereurys liolepis Fantail sole 5 0.0030 
51 Leptocattus Tama Staghorn sculpin 4 0.0024 
51 Paralabrax maculatofasciatus Spotted sand bass 4 0.0024 
51 PTleuronicthys verticalls Hornyhead turbot 4 0.0024 
52 Hps rubicunda Garibaldi 3 0.0018 
52 uinaclTlitfila Pacific angel shark 3 0.0018 
53 Synodus lucioceps California lizardfish 2 0.0012 
54 7in~ls ic us oe zi Calico surfperch 1 0.0006 
54 Dorosoma petenense Threadfin shad 1 0.0006 
54 GTblifillamon tereyensis Crevice kelpfish 1 0.0006 
54 Gymnothorax mordax California moray 1 0.0006 
54 Haichoeres semicnctus Rock wrasse 1 0.0006 
54 Hermosilla azurea Zebra perch 1 0.0006 
54 cary_ Rainbow surfperch 1 0.0006 
54 Micrometrus minimus Dwarf surfperch 1 0.0006 
54 Mustelus heniei Brown smoothhound 1 0.0006 
54 Sarda chiliensis Pacific bonito 1 0.0006 
54 Sebast es aunilatus Brown rockfish 1 0.0006
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Table 6C-2. Number and weight of fish impinged by SONGS during 1979.  

Genyonemus Hyperprosopon Phanerodon Seriphus Total 
lineatus arenteum Turcatus us Individuals Number of 

Month No Tg No W kg No kg 1No kg No kg Samples 

Jan 462 11.7 2,9'35 89.0 393 22.2 15,851 345.6 22,396 3,687.21 9 
Feb 1,188 63.8 14,549 488.1 370 18.3 44,481 1,834.0 65,591 4,079.58 7 
Mar 717 53.7 1,568 46.7 403 22.5 72,478 1,488.4 79,502 2,781.94 7 
Apr 464 12.1 539 20.1 207 14.5 26,166 426.0 28,843 1,172.59 7 
May 353 11.8 438 13.6 725 31.6 26,916 540.4 30,093 1,376.32 8 
Jun 2,401 186.2 3,103 38.1 3,115 28.3 37,770 692.5 55,001 1,413.05 5 
Jul 5,845 100.7 10,946 93.7 3,248 23.4 57,595 1,151.9 94,123 2,712.26 9 
Aug 8,719 340.2 3,786 60.6 1,042 10.5 43,261 841.9 60,404 1,619.21 8 
Sep 1,552 36.3 3,052 66.3 268 7.3 37,837 726.9 46,853 1,113.25 9 
Oct 1,705 36.3 1,164 19.5 93 5-.0 34,706 671.3 38,822 1,114.42 9 
Nov 141 2.4 8,997 173.8 170 18.0 16,853 146.7 27,474 643.51 8 
Dec 102 2.9 850 20.6 244 14.9 14,676 100.9 16,833 1,014.85 7 

Table 6C-3. Annual estimate of number and weight of total fish and select species impinged during normal operation 
and heat treatments by SONGS Unit 1 during 1979 based upon 93 24-h samples out of 365 operational 
days. Estimates for normal operation are total catch ± 1 standard deviation of the total. Heat treatment 
values represent actual numbers and weights of fish impinged.  

Number of Fish Weight of Fish (kg) 
Taxa Normal Heat Normal Heat 

Operation Treatments Operation Treatments 

Genoums lineatus 23,649 + 5,957 145 858.68 + 289.79 8.05 
yPerprosopon argenteum 51,927 + 11,145 9,237 1,130.52 T 308.62 457.79 

Phanerodon furcatus 10,277 + 2,242 116 217.03 + 26.42 10.52 
Seriphus politus 428,589 T 43,034 2,377 8,967.34 + 1,217.23 56.59 

Total Individuals 565,934 + 56,937 18,713 22,728.20 + 2,412.52 1,274.32 

Combined Total 584,647 24,002.52 

estimates of the number and weight of total fish and selected species using 
weighted monthly averages of catch (see Methods: data analysis section).  

Seven species accounted for approximately 96% of the total (normal and heat 
treatment) impingement catch in 1979 (Table 6C-1). Queenfish (Seriphus politus) 
numerically dominated the catch followed by walleye surfperch (Hyperprosopon 
argenteum), northern anchovy (Engraulis mordax), white croaker (Genyonemus 
lineatus), topsmelt (Atherinops affinis), white surfperch (Phanerodon furcatus), 
and shiner surfperch (Cymatogaster aggregata).  

Estimated monthly normal operation impingement ranged from a maximum of 
94,123 individuals weighing a total of 2,712 kg (5,980 1b) in July to a minimum 
of 16,833 individuals weighing 1,014 kg (2,235 lb) in December (Table 6C-2).  
Impingement of individuals was highest for queenfish in March, for white croaker 
in August, for white surfperch in July, and for walleye surfperch in February.  
Highest impingement by weight occurred during February for queenfish, August for 
white croaker, May for white surfperch and February for walleye surfperch.  

An estimated 565,934 + 56,937 (1 standard error of the total) individuals 
weighing 22,728.20 + 2,412 kg (5,306.4 lb) were impinged under normal opera
tional conditions by SONGS Unit 1 in 1979. Individually, queenfish comprised 
75.7% of the normal flow impingement by number, white croaker 4.2%, white surf
perch 1.8% and walleye surfperch 9.2%. Collectively, these species accounted 
for 90.9% of the estimated total normal flow impingement by number. Queenfish, 
by weight, accounted for 39.4% of the total estimated normal flow impingement, 
followed by white croaker (3.8%), walleye surfperch (5.0%), and white surfperch 
(1.0%).
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A total of 18,713 individuals weighing 1,274 kg (2,809 ibs) were impinged in 
heat treatment operations in 1979, with queenfish, walleye surfperch, white 
croaker, and white surfperch comprising 12.7%, 49.4%, 0.8% and 0.6% of the total, 
respectively, on a number basis. Walleye surfperch by weight accounted for 35.9% 
of the heat treatment impingement, queenfish 4.4%, white croaker 0.6% and white 
surfperch 0.8%. Collectively, 63.5% of the total heat treatment impingement by 
number and 41.7% by weight was attributed to these four species.  

Combined totals for estimated normal flow and heat treatments equalled 
584,647 individuals weighing 24,002.52 kg (5,307.54 lb) for a mean weight of 0.04 
kg/fish (0.09 lb/fish) (Table 6C-3).  

LENGTH FREQUENCY ANALYSIS 

Analysis of size structure of Seriphus from receiving water samples and 
impingement samples is presented to see 1f Unit 1 is selectively removing a size 
class or classes from offshore populations. Seriphus was selected for study 
because it dominated gill net and otter trawl cat s and because it has histori
cally been a major component of the total annual impingement catch. Comparisons 
were made between length frequency histograms obtained from impingement, gill 
net, and otter trawl catches for the SONGS area only. Genyonemus is not con
sidered because impingement, gill net and otter trawl catches of this species 
were highly variable in 1979.  

Figures 6C-1 through 6C-5 depict the size structure of Seriphus for 
impingement, gill net, and otter trawl catches during February, April, June, 
August, and October 1979. December is not presented because of extremely small 
Seriphus catches in gill nets and otter trawls.  

The length structure of juvenile queenfish (< 120 mm SL) impinged in 1979 
was unimodal from February through August although modal length gradually 
increased from 70 mm SL in February to 100 mm SL in August (Figures 6C-1 through 
6C-4). In October two juvenile cohorts were impinged with estimated modal length 
classes of 65 and 110 mm SL (Figure 6C-5). Juvenile queenfish 40 mm SL or 
smaller did not appear in impingement catches.  

Juvenile queenfish caught in otter trawls displayed unimodal length frequen
cies (70-75 mm SL) during February and April surveys and bimodal frequencies 
throughout the remaining surveys in 1979 (Figures 6C-1 through 6C-5). Queenfish 
as small as 10 mm SL were caught in otter trawls (Figure 6C-4).  

Comparison of the catch of adult queenfish in-plant and offshore were similar 
between impingement and otter trawls throughout 1979; the length frequencies of 
Seriphus sampled by these methods were unimodal with the modal length class 
varying from 130 mm SL (April) to 160 mm SL (October) (Figures 6C-1 through 
6C-5).  

Gill net catches of adult queenfish were bimodal in all months except October 
(Figures 6C-1 through 6C-5). Both cohorts (mode) contained some fish of size 
classes similar to those in the adult cohorts captured by otter trawls and the 
plant. Gill nets, however, caught no queenfish smaller than 120 mm SL and were 
more effective at catching the relatively large females.  

SEX STRUCTURE 

The sex ratios of male and female Seriphus, Genyonemus, Hyperprosopon, and 
Phanerodon represented by impingement, gi1 net, and otter trawl samples are pre
sented in Figures 6B-17, 6B-24, 68-30, and 6B-34 (Chapter 6B). Again, impinge-
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Figure 6C-1. Length frequency histograms of Seriphuspolitus from normal operation impingement, offshore gill net 
and otter trawl samples taken in February 1979. Percentages for males and females are not additive 
within a given 5 mm length increment. Asterisk (*) indicates equal number of males and females in 
length class.
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Figure 6C-2. Length frequency histograms of Seriphuspolitus from normal operation impingement, offshore gill net 
and otter trawl samples taken in April 1979. Percentages for males and females are not additive within 
a given 5 mm length increment. Asterisk (*) indicates equal number of males and females in length class.
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Figure 6C-3. Length frequency histograms of Seriphuspolitus from normal operation impingement, offshore gill net 
and otter trawl samples taken in June-July 1979. Percentages for males and females are not additive 
within a given 5 mm length increment. Asterisk (*) indicates equal number of males and females in 
length class.
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Figure 6C-4. Length frequency histograms of Seriphuspolitus from normal operation impingement, offshore gill net 

and otter trawl samples taken in August-September 1979. Percentages for males and females are not 

additive within a given 5 mm length increment. Asterisk (*) indicates equal number of males and females 
in length class.



6C-11 

20 

Immatures Gill Nets 
16 - Males 16-17 October 

wm::I Females 

n =91 
12

8

4

20

Otter Trawls 

16 _ 16-17 October 

12 
n =400 

C8

20 

Impingement 
16- 10-23 October 

n = 1082 
12

8

4

0-T 

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 
STANDARD LENGTH (mm) 

Figure 6C-5. Length frequency histograms of Seriphuspolitus from normal operation impingement, offshore gill net 
and otter trawl samples taken in October 1979. Percentages for males and females are not additive 
within a given 5 mm length increment. Asterisk (*) indicates equal number of males and females in 
length class.
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ment samples were grouped within each month so that they coincided, as closely as 
possible, with offshore fish survey dates. .  

The number of female queenfish impinged was significantly greater (P < 0.05) 
than the number of males in all periods except February (Figure 66-17). This 

pattern of female queenfish dominance in-plant was similar to that observed 
during 1978 (SCE 1979d).  

Although in-plant catches of sexable Genyonemus were limited, the pattern of 
female dominance exhibited by queenfish, was also observed in Genyonemus (Figure 
6B-24). This trend was most evident in February during the reproductive season 
of Genyonemus. At no time did females significantly outnumber males in the 1978 
impingement catch.  

The pattern of female dominance was also evident in the walleye and white 
surfperches (Figures 68-30 and 6B-34) although significantly greater catches of 
male walleye surfperch were observed in February. From August to December no 
significant differences in sex ratios were observed in these two species. The 
patterns for these two species were concordant with the results of impingement 
samples in 1978 (SCE 1979d).  

An analysis of the ratio of female Seriphus to total sexable Seriphus caught 
in-plant, in gill nets, and in otter trawls was performed to determine if SONGS 
Unit 1 was impinging a disproportionately large number of females relative to 
the offshore numbers of females. In order to reduce the bias due to gear selec
tivity the ratio of female Seriphus to total sexable Seriphus was calculated for 
5 mm length increments common to impingement, gill net, and otter trawl samples.  
The assumption was made that each gear-type (plant intake, gill nets, otter 
trawls) took an unbiased sample of females to total sexable Seriphus in each 5 mm 
length class common to the gear-types. A Friedman two-way analysis of variance 
(Sokal and Rohlf 1969) was used to test for differences in sex ratios within 5 mm 
size classes among gear-types. Results of the test indicate that Unit 1 impinged 
a disproportionately large number of female queenfish (P < 0.05) compared to 
otter trawl and gill net queenfish catches in February, April, and June 1979 
(Table 6C-4).  

An apparent change in the spatial distribution pattern of queenfish or gear 
selectivity for reproductively active female queenfish or both occurred in August 
and October 1979. Results of the Friedman test indicated that gill nets caught a 
disportionately large number of females relative to impingement catches, which in 
turn, caught more females than otter trawls (Table 6C-4).  

Table 6C-4. Summed ranks for ratios of female Seriphus to total sexable Seriphus taken in impingement, gill net, and 
otter trawl samples in February, April, June, August, and October 1979. Underlined ranks are not signif
icantly different from one another at P= 0.05. All other ranks are significantly different at P <0.05.  

Gear Type 
Survey Impingement Otter Trawl Gill Net 

Feb 14 8 8 
Apr 21 11 10 
Jun 23 13.5 11.5 
Aug 32 17.5 40.5 
Oct 28 15 35 

IMPINGEMENT AND METEOROLOGICAL EVENTS 

Results of the multiple regression analysis indicated that a small portion of 
the total variability in impingement catch was explained by weather variables as
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evidenced by low R 2 values (Table 6C-5). Average wind speed (WIAVE) consistently 
explained the most variability in impingement catch. No apparent pattern was 
evident for the remaining variables and the variability explained by them was 
small (Table 6C-5).  

Table 6C-5. Correlation coefficients (R2 ) and relative importance of physical variables used in the stepwise multiple 
regression analysis of impingement catch of select species and meteorological events.  

Meteorological Variables 
Species Step R2  Improvement WIMAX WIMIN WIAVE WVMAX WVMIN WVAVE BPH BPL* 

Genyonemus lineatus 1 0.13 - X 
2 0.19 0.06 X 
3 0.24 0.05 X 
4 0.26 0.02 X 
5 0.26 - X 

Seriphus politus 1 0.08 - X 
2 0.10 0.02 X 
3 0.11 0.01 X 
4 0.11 - X 

Hyperprosopon argenteum 1 0.02 - X 
2 0.04 0.02 X 
3 0.05 0.01 x 
4 0.05 - X 

Phanerodon furcatus 1 0.01 - X 
2 0.01 - X 

Total Catch 1 0.07 - X 
2 0.09 0.02 X 
3 0.10 0.01 X 
4 0.11 0.01 X 

* WIMAX = maximum wind; WIMIN = minimum wind; WIAVE = average wind; WVMAX = maximum wave; 
WVMIN = minimum wave; WVAVE = average wave; BPH = maximum barometric pressure; 
BPL = minimum barometric pressure 

DISCUSSION 

The 1979 annual estimate of total fish and select species impinged by SONGS 
Unit 1 was similar to that for 1978 (Table 6C-6). Compared to annual impingement 
estimates for SONGS Unit 1 in 1975, 1976, and 1977, the 1978 and 1979 estimates 
were 2.0 to 3.0 times greater. The mean weight per fish impinged decreased from 
0.12 lb/fish in 1976 to 0.07 lb/fish in 1978, and increased to 0.09 lb/fish in 
1979.  

Table 6C-6. Estimated annual impingement values for five years of the ETS program.  

Impingement 1975 1976 1977 1978 1979 

Total Number of Individuals 296,319 198,266 235,555 601,193** 584,647 
Aggregate Weight (1b) 30,832 24,631 20,625 43,820 52,916 
Days of Operation 317 270 283 302 365 

Daily Mean Number of Individuals 935 734 832 1,897* 1,602 
Daily Mean Weight (lb) 97 91 73 141* 145 
Mean Weight (1b) Per Fish 0.104 0.124 0.086 0.073 0.091 

* Unweighted means 
** Based upon weighted monthly mean catches taken during an unusually stormy weather year.
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Since Seriphus made up 68.3% of the total estimated impingement catch by 
number in 1979, the increase in annual impingement catch is likely the result of 
impingement of juvenile queenfish, as was the case in 1978. Comparing 1978 and 
1979 queenfish impingement size data with 1977 data (LCMR 1978c) indicated that 
queenfish recruitment as measured by impingement samples, occurred infrequently 
and in low numbers in 1977, which probably accounts for the lower estimated 
impingement in this year.  

Comparison of the size structure and numbers of juvenile Seriphus sampled by 
otter trawls and impingement screens indicated that both sample similar modes, 
from 70 mm SL in February to 105 mm SL in October. Otter trawls sampled a 
smaller mode ranging from 20-45 mm SL from June to October, which was not 
observed in impingement samples. The 70 to 105 mm SL individuals probably repre
sent last year's recruits while the 20-40 mm SL class appearing from June through 
October represent young-of-the-year. Juveniles were numerically dominant in four 
of the five impingement and three of the five otter trawl samples. Juvenile 
queenfish were not captured by gill nets. Adult queenfish sampled offshore by 
otter trawls and gill nets and in-plant samples produced a prominant mode at 
approximately 130 mm SL from February to August. Gill net samples also contain a 
distinct mode at 180 mm SL (with major contributions from large females) during 
the same time period. A similar but much smaller mode was also present for 
impingement but not from otter trawl samples. Impingement, otter trawl, and gill 
net samples from October reflect a more even distribution of individuals between 
size classes and no distinct modes. The impingement catch, therefore, appears to 
be sampling the same size classes available in the offshore population as 
measured by otter trawls and gill nets, with the exception of juveniles in the 
20-40 mm SL class and larger (> 170 mm SL) females caught in gill nets. The 
absence of 20-40 mm SL juveniles in impingement samples is most likely the result 
of this size class passing through the generating, station's traveling screens and 
being entrained in the Unit 1 cooling water system.  

The spatial and temporal abundance patterns related to reproduction, 
upwelling, and storm activities for Seriphus, Genyonemus, Hyperprosopon, and 
Phanerodon are reflected in the impingement catch during 1978 and 1979.  

Impingement catches of Seriphus in 1979 were greatest during the period from 
March through October. This is the time of the year when recruitment to 
nearshore areas is at its greatest (see Chapter 6B). Juvenile and adult female 
queenfish predominate in nearshore depths. Length structure and sex ratios of 
impinged queenfish during this period validates the observed offshore pattern.  
Additionally, the results of the Friedman ANOVA indicate that Unit 1 is impinging 
a disproportionately large number of female queenfish from February through June 
(Table 6C-4); further, these individuals are impinged during the initial portion 
of the breeding season. The effect of the removal of these reproductively mature 
individuals on the local population is presently unknown; however, the high 
fecundity of females indicates that the population can probably compensate for 
losses due to impingement as well as natural mortality (Rousenfell 1975; Chapter 
6B).  

Although Genyonemus characteristically spawns in winter months, juvenile 
recruitment to shallow depths occurs from June through October (Chapter 6B).  
This pattern is reflected in increased impingement catches from June through 
October and the decrease in weight per fish caught in July (Table 6C-2). As for 
queenfish, the effect of impingement mortality on the local Genyonemus population 
is unknown; like the queenfish, however, this species has a "high fecundity-high 
mortality" reproductive strategy and can probably compensate for added losses.
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Impingement of walleye surfperch (Hyperprosopon), however, may affect the 
SONGS population over the long term. ontly impingement catches (Table 6C-2) 
peak in February and July. The February peak coincides with offshore movements 
of pregnant females which were inseminated in shallow water (3-4 m deep; 
Rechnitzer and Limbaugh 1952) during fall and early winter. February is usually 
the stormiest part of the year. The offshore movements of burdened females at a 
time of severe weather disturbance may make them most vulnerable to impingement.  
Additionally, pregnant female surfperch tend to have reduced ability to avoid 
intake current velocities as measured by their swimming performance (Dorn, et al.  
1979). During a calmer period between April and May when young-of-the-year are 
born and the population may be less migratory, impingement decreases. But, 
beginning in June walleye impingement increases again and reaches a second peak 
in July when adults and young-of-the-year move inshore. Such movement of small 
individuals with the others is indicated by the observed decrease in the weight 
per individual impinged during July (Table 6C-2). Therefore, their migratory 
pattern may jeopardize walleyes twice in the course of a year. Further, 
increased impingement of pregnant females during their offshore movement and 
young-of-the-year during their move inshore essentially doubles the impact on 
young recruits to the population. This may tend to reduce the total SONGS 
population. Because, unlike queenfish and white croaker, the walleye shows a 
"low fecundity-low mortality" reproductive strategy, each relatively large and 
robust embryo has a relatively good chance of reaching adulthood. Therefore, the 
size of the embryonic and juvenile populations are relatively good predictors of 
the size of the populations of adults. Thus, the sizes of the young and adult 
populations are significantly correlated and any disturbing effects on one will 
be transmitted to the other.  

The pattern of impingement of Phanerodon furcatus generally resembles that 
for Hyperprosopon. In particular, the increased catches and decreased weight per 
individual of white surfperch in June, July, and August coincide with the period 
that yoUng-of-the-year white surfperch are born. But unlike walleyes, white 
surfperches do not show marked inshore-offshore breeding migrations; pregnant 
female white surfperch tend to remain offshore (Chapter 6B) while bearing young.  
Therefore, all potential and new recruits (embryos and juveniles) are less 
vulnerable to impingement.  

The analysis of impingement and meteorological events was designed to evalute 
the importance of two non-random factors likely to influence the number of fish 
impinged at any one time: (1) number of fish in the area and (2) external fac
tors such as weather and water conditions. Examination of the second factor 
requires that the effects of the first be eliminated or minimized via filtering; 
however, filtering will not always accurately estimate the number of fish in the 
area because short-term factors (e.g., diurnal movement patterns) affect the 
local level of fish abundance and cause further deviations from the seasonal 
estimate. It appears that short-term factors are equally or more important than 
meteorological disturbances (i.e., storms) in explaining the variability asso-.  
ciated with impingement at SONGS Unit 1 as evidenced by the low correlation 
coefficients associated with the weather variables tested (Table 6C-5) and 
impingement catch.  

SUMMARY 

The estimate of 1979 fish impingement by SONGS Unit 1 is based on 93 normal 
flow impingement samples and six heat treatment samples.
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1. An estimated 565,934 + 56,937 (1 standard error of the total) individuals 
weighing 22,728.20 + 7,412.52 kg (5,306.4 lb) were impinged under normal 
operational conditions by SONGS Unit 1 in 1979.  

2. The numerically dominant species impinged during normal flow were queenfish 
(75.7%), white croaker (4.2%), white surfperch (1.8%), and walleye surf
perch (9.2%).  

3. A total of 18,713 individuals weighing 1,274.32 kg (2,809 lbs) were impinged 
during heat treatments in 1979. Queenfish, walleye surfperch, white 
croaker, and white surfperch comprised 12.7%, 49.4%, 0.8%, and 0.6% of the 
total heat treatment catch by number, respectively.  

4. Analysis of the length structure of Seriphus impinged by Unit 1 reflected 
the seasonal cycle of young-of-the-year recruitment from April through 
October which was observed in the receiving water samples.  

5. Analysis of sex composition data for queenfish impinged by Unit I indicates 
that a disproportionately large number of female queenfish are being 
impinged relative to the number of females in the receiving waters.  

6. Maximum impingement catches of the walleye surfperch, Hyperprosopon 
argenteum, occurred in February and July coincident with offshore movements 
oT gravid females and inshore movement of adults and young-of-the-year, 
respectively.  

7. Meteorological variables (wind speed, wave height, barometric pressure) 
explained a minimum of variability associated with impingement catch from 
1975 to 1979 suggesting that impingement catch variability may be better 
explained by short-term biological factors or other physical variables.  
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CHAPTER 6D 

SPORT FISHERIES STATISTICS 

INTRODUCTION 

The studies reported in this chapter are being conducted to meet objectives 
approved by the Nuclear Regulatory Commission (NRC) as stated in the Environ
mental Technical Specifications (ETS), Docket No. 50-206, Sections 3.1.2a(1) 
General Ecological Survey for San Onofre Nuclear Generating Station (SONGS) Unit 
1. Broadly stated, the ETS objective is to determine the effects of SONGS Unit 1 
on the marine fish resources in the vicinity of the generating station. These 
studies are also being conducted in compliance with the National Pollutant 
Discharge Elimination System (NPDES) permit for SONGS Unit 1, which requires that 
results be reported to the California Regional Water Quality Control Board 
(CRWQCB), San Diego Region and the regional office of the Environmental Protec
tion Agency.  

Fisheries data analyzed in this report are presented in Volume IV of the 
Annual Operating Report, San Onofre Nuclear Generating Station _- Biological 
Data 1979 (SCE 1980d).  

This chapter presents the objectives of the sport fishery studies, the 
approach used to meet these objectives, and a review of past studies. Methods of 
data collection and analysis are also included. Results are discussed in light 
of specific topics directed toward the study objectives.  

APPROACH 

The objective of this chapter is to augment the assessment of generating 
station effects on the area fishery resources. This will be accomplished by 
examining the importance of the sport fishery resource offshore SONGS relative to 
the local sport fishery (Oceanside-Dana Point) and the southern California Bight 
sport fishery resources, respectively.  

BACKGROUND 

In order to place the study objectives and results into perspective, a brief 
description of the environment offshore SONGS and past and ongoing fisheries stu
dies are presented.  

The California Department of Fish and Game (DFG) has divided coastal waters 
into numbered blocks of 10 min latitude by 10 min longitude (about 10 miles by 10 
miles) oriented true north andsouth for recording the source of sport fish 
catches. The relationship of SONGS to these blocks is presented in Figure 6D-1.  
San Onofre Nuclear Generating Station is located in Block 756. Figure 6D-2 shows 
the major geographic features of the block and their relationship to SONGS. The 
areas of the block most frequently used by commercial sport fishing vessels 
(party boats) are the nearshore kelp beds at San Mateo Point and San Onofre, and 
the "rock fish banks" in 60 to 180 m of water near the offshore perimeter of the 
block. The nearshore areas are characterized by kelp forests attached to 
substrata composed of varying amounts of boulders, cobbles, and sand in a complex 
mosaic. The offshore areas of this block are characterized by water depths up to 
about 150 m and a bottom composed primarily of mud.
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Figure 6D-1. California Department of Fish and Game catch statistic blocks in the vicinity of San Onofre.  

Early sport catch records from 1962 to 1970 are summarized by Hickman (1973), 
who concluded that SONGS has had a significant influence on the fishery in Block 
756. Before construction of SONGS the San Onofre area was not a noteworthy 
fishing area, however many boats now fish the area near SONGS. From 1970 to 1974 
fisheries data were reported to the California Regional Water Quality Control 
Board, San Diego Region, in fullfillment of the Marine Environmental Monitoring 
requirements. In November 1974, coordination of environmental monitoring efforts 
resulted in acceptance of the SONGS Unit 1 Environmental Technical Specification 
(ETS) program which contains a sport fishery evaluation task that fulfills the 
requirements of the California Regional Water Quality Control Board and the 
Nuclear Regulatory Commission.
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METHODS 

Unpublished sport fishing catch data from commercial sport fishing vessels 
for the blocks in the vicinity of SONGS were obtained from the Department of Fish 
and Game. These data summarize the monthly landings of each species in each 
block as the number of fish caught, number of anglers, number of angler hours, 
and number of boat days. Additional data summarizing catches for majorparty 
boat ports in the vicinity of SONGS (Oceanside-Dana Point) and all of the 
southern California area, were also obtained (Anon 1976, 1977, 1978, 1979).  

Data from 1975 to 1978 have been analyzed. The 1978 data represent the most 
recent year that sport fishery catch data have been summarized by the DFG. A co
ocurrence table showing the rank order of abundance of the four most abundant 
fish species for Block 756 catch, total landings at Oceanside-Dana Point, and 
total landings for Southern California was constructed to compare the species 
composition of the sport catches in each geographic area. The catch of species 
consistently taken in the sport fishery during the four year period are plotted 
as bar graphs to show the sport catch of Block 756 relative to the Oceanside-Dana 
Point area and to Southern California catch. Total fishing effort and catch per 
unit effort data are used to describe long-term trends and further evaluate the 
significance of Block 756 to the total area wide sport fishery of Southern 
California.  

RESULTS 

The rank order of abundance of the four most abundant species for sport catch 
in Block 756, at Oceanside-Dana Point, and for Southern California is presented 
in Table 6D-1. The sport catch in Block 756, Oceanside-Dana Point, and all of 
Southern California, was dominated by rockfishes, Sebastes spp. The barred sand 
bass, Paralabrax nebulifer, and the kelp bass, Paralabrax clathratus, were con
sistently ranked among the most abundant species in all four years in Block 756 
and Oceanside-Dana Point landings. The Pacific mackerel, Scomber japonicus, 
Paralabrax nebulifer, and the Pacific bonito, Sarda chilensis, ranked among the 
most abundant species for all of Southern California in three of four years.  

Table 6D-1. Rank order of abundance of the four most abundant fish taken by the sport fishery in Block 756, 
landed by the sport fishery at Oceanside-Dana Point, and total for landings in all southern 
California.  

Oceanside- Total 
Block 756 Dana Point Southern California 

Species 75 76 77 78 75 76 77 78 75 76 77 78 

Sebastes spp. 1 13 - 1 1 1 4 1 1 1 1 
Paralabrax nebulifer 2 2 1 3 3 4 4 - - 4 -

Paralabrax clathratus 4 3 4 4 2 2 3 3 2 2 3 3 
Scomber japonicus - - 2 1 4 - 2 1 4 - 2 2 
Sarda chiliensis 3 - - 2 - 3 - 2 - 3 4 4 
Sphfaena argentea - 4 - - - - - - - - -

MedTiThia californiensis - - - - - - - - 3 - - -
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In order to put the Block 756 catch for select species into perspective, the 
percent contribution of Block 756 to the total landings for Oceanside-Dana Point 
and for Southern California were calculated. These data are summarized in Figure 
6D-3. During the four year period from 1975 to 1978 Sebastes spp., P. nebulifer, 
P. clathratus, Scomber, Sarda, and Sphyraena catches from Block 756 represented a 
mean of 29.3, 52.3, 27.0, 29.6, 42.6, and 53.4% of the catch for these species 
landed at Oceanside-Dana Point, respectively. Similarly, the catch of these spe
cies accounted for 1.0, 16.5, 3.8, 3.9, 8.8, and 9.0% of the total landings for 
Southern California, respectively.  

75 
' Southern California 

EiiOceanside-Dana Point 

60

45

cc 

30

15

75767778 75767778 75767778 75767778 75767778 75767778 
Sebastes Paralabrax Paralabrax Scomber Sarda Sphyraena 

spp. nebulifer clathratus japonicus chilensis argen tea 

Figure 6D-3. Percent contribution of Block 756 catch of select species to Oceanside-Dana Point landings and 
total southern California landings from 1975 to 1978.  

Total fishing effort, expressed as angler hours and catch per unit effort 
(CPUE) or fish per angler hour data for recent years in Block 756 and adjoining 
blocks are presented in Table 6D-2. Comparison of log transformed CPUEstatis
tics by block and year utilizing a two-way analysis of variance (ANOVA) indicated 
that the CPUE was significantly greater in 1978 than from 1973 to 1977 (P < 
0.001) and that the CPUE for Block 756 was significantly lower than other blocks 
(P _ 0.05). Comparison of log transformed data of total angler hours for the 
same time period revealed that a significantly greater effort was expended in 
Block 756 (P > 0.05) relative to other blocks. There was no significant dif
ference between years.
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Table 6D-2. Total fishing effort expressed as angler hours and catch per unit effort (CPUE) statistics, for San 
Onofre area Blocks from 1973 through 1978.  

Blocks 
Year Effort 737 756 757 801 802 

1973 Angler Hours 30,313 131,806 32,369 24,359 51,440 
CPUE 0.97 0.84 0.90 1.12 0.94 

1974 Angler Hours 15,600 135,335 20,772 26,180 21,703 
CPUE 1.06 0.91 0.92 0.91 0.96 

1975 Angler Hours 17,345 99,922 14,632 20,673 28,600 
CPUE 1.55 0.89 1.24 0.96 1.17 

1976 Angler Hours 26,712 119,301 21,537 18,376 27,052 
CPUE 1.01 0.96 1.06 1.14 1.07 

1977 Angler Hours 27,341 108,630 40,084 22,361 29,858 
CPUE 0.98 0.88 1.08 0.90 1.09 

1978 Angler Hours 27,534 100,911 49,950 31,894 18,147 
CPUE 1.39 1.18 1.55 1.48 1.86 

DISCUSSION 

During the period from 1974 to 1978 numerically dominant and frequently 
occurring members of the Block 756 sport catch included rockfish, Sebastes spp.; 
barred sand bass, Paralabrax nebulifer; and kelp bass, P. clathratus. Other less 
frequently occurring but numerically dominant specTes include the Pacific 
mackerel, Scomber japonicus; the Pacific bonito, Sarda chiliensis; and the 
California raena arentea. This suitfo species is represen
tative of the Southern California sport catch based on comparisons with 
Oceanside-Dana Point and total southern California landings (Table 60-1).  

The sport fishery effort for these game fish in the Oceanside-Dana Point area 
is greatest in spring, summer, and fall (Nielsen, personnel communication).  
Numerous site visits (LES, unpublished field observations) indicate that party 
boats fishing in Block 756 frequent San Onofre and San Mateo Kelp beds. These 
kelp beds serve as a highly visible landmark, marking a fishing area containing 
bonito, barracuda, kelp bass, and barred sandbass (Feder, Turner and Limbaugh 
1974) all of which are desirable fish from the standpoint of party boat fisher
men. During the winter when these sport species are not present or not 
catchable, party boat effort is directed toward rockfish which inhabit the deeper 
water of Block 756 and adjacent blocks (Nielsen, personnel communication).  

The overall importance of the Block 756 catch relative to the Oceanside-Dana 
Point and Southern California areas was analyzed by calculating the percent 
contribution of the Block 756 catch to the Oceanside-Dana Point and total 
Southern California landings between 1975 and 1978 on a species by species basis.  
The six species considered predominant in the sport catch comprise pelagic and 
resident species groups. The pelagic species, Sphyraena, Sarda, and Scomber, 
caught in Block 756 during the four-year period represenF 53T.47,2.6, and27.6% 
of the total landings for these species at Oceanside-Dana Point, and 9.0, 8.8, 
and 3.9% of the Southern California catch, respectively (Figure 60-3). The resi-
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dent species, P. nebulifer, Sebastes spp., and P. clathratus, caught in Block 756 
accounted for-52.3, 29.3, and 2/.U7. of the toTal landings for these species at 
Oceanside-Dana Point and 16.5, 1.0, and 3.8% of the Southern California catch, 
respectively. These species, therefore, represent a considerable portion of the 
local sport catch and, in the case of P. nebulifer, a considerable portion of the 
total Southern California catch. Although the reasons for the high catch of 
barred sand bass in Block 756 are unclear, increased fishing pressure, seasonal 
availability and catchability, and the abundance of preferred habitat (sand-rock 
ecotone; Turner, Ebert, and Given 1969) in the San Onofre and San Mateo Point 
areas (Chapter 5B this volume) may add to the increased catch in Block 756.  

The high proportion of the catch represented by Block 756, relative to adja
cent blocks, may be the result of increased fishing pressure, since a comparison 
of pressure (angler hours) between blocks and years (1973-78) indicated that 
significantly more angler hours were expended in Block 756 than adjacent blocks 
between Oceanside and Dana Point. An analysis of variance (ANOVA) of catch per 
unit effort (CPUE) data revealed that CPUE was significantly greater in 1978 than 
previous years and that Block 756 had a significantly lower CPUE than other 
blocks from 1973 to 1978. When the increased pressure is considered with the 
reduced CPUE, it appears that Block 756 has been overfished, except in 1978 when 
CPUE increased. This increase in CPUE in 1978, however, appears to be associated 
with a substantial increase in the catch of two pelagic species, Sarda and 
Scomber. The significantly greater fishing effort in Block 756 compared to 
adjoining blocks could contribute to changes in sport fish populations (e.g., 
reduction in the number of large adults) and the fish community (e.g., reduced 
cropping by prey species) which could affect the overall community structure.  

Possible reasons for this increased pressure in Block 756 include proximity 
to party boat ports, availability of desirable game, and the kelp beds which mark 
the fishing area. Mearns (1977) observed that fishing pressure at municipal out
fall sites was at least 10 times greater than coastal sites as a whole. He also 
noted that the increased pressure at these sites was probably related to their 
proximity to nearby harbors.  

SUMMARY 

Unpublished sport fishing data for the statistical blocks in the vicinity of 
SONGS were obtained from the California Department of Fish and Game. The data 
include monthly landings by species in each block, and number of angler hours.  
Analyses of these data and comparison with sport catch from Southern California 
indicated the following.  

1. Rockfish, Sebastes spp.; the barred sand bass, Paralabrax nebulifer; the kelp 
bass, P. clathratus; the Pacific mackerel, Scomber Japonicus; the Pacific 
bonito, Sarda chiliensis; and the California barracuda, Sphyraena argentea 
were important components of the Block 756 (the block containing SONGS) sport 
fishery.  

2. During the four-year period from 1975 to 1978, Sebastes spp., P. nebulifer, 
P. clathratus, S. japonicus, S. chiliensis, and S. argentea catches from 
E1ock 5 represented means of 29.T, 5.73,Z7.O, 29., 42T.band 53.4% of the 
catch of these species landed at Oceanside-Dana Point, respectively.  
Similarly the catch of these species accounted for 1.0, 16.5, 3.8, 3.9, 8.8, 
and 9.0% of the total landings for Southern California.  

3. The catch per unit effort (CPUE) for the blocks in the vicinity of SONGS was 
significantly greater in 1978 than from 1973 to 1977. The CPUE for Block 756
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was significantly lower than the other blocks. Fishing effort, experessed in 
angler hours, was significantly higher in Block 756.  

4. The significantly greater fishing effort in Block 756 when compared to 
adjoining blocks could contribute to changes in sport fish populations which 
could affect community structure.  
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CHAPTER 7 

KELP 

INTRODUCTION 

The sea floor off SONGS is composed of mixed sediments including sand, sand 
and cobble, cobble, and boulders. Most of the nearshore cobble areas undergo 
periodic burial due to natural sand transport, which prevents establishment of 
a stable attached biota (MBC 1978). Offshore the rock and cobble areas are 
apparently less subject to periodic burial. It is at these offshore areas of 
cobble and bolders that the giant kelp, Macrocystis, has established itself, 
forming kelp beds that support relatively varied and abundant marine biota.  

The present kelp program was initiated in December 1976 to monitor the 
health of the San Onofre kelp bed during the offshore construction period asso
ciated with the construction of SONGS Units 2 and 3. The program also includes 
the monitoring of the San Mateo and Barn kelp beds, the two other kelp canopies 
of the San Onofre region (Figure 7-1).  

The kelp beds of the San Onofre region for the past 70 years have been 
periodically investigated. The first investigation was conducted by W. C.  
Crandall (1912) during 1910 and 1911. The San Onofre kelp beds were not investi
gated again until the 1950's when the Kelco Company (unpublished data) mapped 
the canopies by aerial photography. Approximately 24 years passed before the 
canopies were monitored again. In 1974, Dr. Wheeler J. North of the California 
Institute of Technology (unpublished data) began annual aerial photographic 
mapping surveys of the canopies. In 1977, his aerial mapping surveys were 
increased to quarterly periods. Beginning in 1978 and continuing through 1979, 
Dr. North's aerial mapping surveys were increased to monthly intervals, weather 
permitting.  

In conjunction with Dr. North's aerial mapping surveys, the kelp canopies of 
the San Onofre region have been mapped quarterly since 1974 using an electronic 
positioning system (Lockheed Center for Marine Research [LCMR] 1974; 1975 

Over the 70 years that the kelp beds of the San Onofre region have been 
monitored, several major changes in density and extent of the kelp beds have 
taken place (Figure 7-2). Though the exact cause of the changes are unknown, 
several factors acting independently or together are probably responsible for the 
changes noted. These factors include: storms, nutrient availability, loss of 
suitable substrate to sand encroachment and siltation, grazing, poor recruitment 
due to various factors, and possibly high water temperatures.  

MATERIALS AND METHODS 

The kelp investigation was conducted from January 1979 through February 
1980 at the San Onofre kelp bed (SOK) and at two control kelp beds, the San Mateo 
(SMK) and the Barn kelp (BK) beds. Study tasks at the three kelp beds included: 
1) quarterly mapping of the areal extent of the kelp canopies and contiguous 
bottom topography using an electronic positioning system; 2) monthly mapping 
(weather permitting) of the kelp beds by aerial infrared photography; 3) monthly
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determination of primary nutrient concentrations (NO2 + NO3, NH4 , P04) of surface 
and bottom waters in and adjacent to the kelp beds; 4) monthly determination of 
nitrogen content of kelp tissue; and 5) assessment of the general health of the 
kelp plants during May, September, and December.  

At SOK, sedimentation rates were determined for each of the 12 monthly 
periods at a permanent station in the upcoast and downcoast sections of the kelp 
bed.  

KELP CANOPY MAPPING 

The areal extent of the kelp canopies and associated bottom topography were 
mapped quarterly by Ecosystems Management Associates, Inc. The Kelp canopy maps, 
which included both surface canopy and pre-adult plants of high frond density, 
were mapped using a Motorola Miniranger III and a Klein Associates side-scanning 
sonar. Information from the "Miniranger" was entered into an onboard computer 
which determined the vessel's position, and printed out the X-Y coordinates of 
each navigational fix and a map showing the tract transversed by the vessel 
during the survey.  

The areal extent of the individual kelp beds were determined with a plani
meter from the maps developed during the field surveys.  

On a monthly basis, weather permitting, aerial infrared photographs were 
taken of each of the three kelp canopies to monitor changes in density and 
general boundaries. Photographs were taken from an altitude of approximately 
10,000 ft. Results of the photographic surveys are presented in Appendix VI.  
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Figure 7-2. Estimated areal extent of the San Mateo, San Onofre, and Barn kelp 

canopy from 1911 through 1978.
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BOTTOM TOPOGRAPHY 

The bottom composition adjacent to the kelp canopies was determined quar
terly by Ecosystems Management Associates, Inc. The bottom substrate was plotted 
using the combination of a down-looking and side-scanning sonar with a two
channel recorder. Ground truth work was conducted by divers, at various sites 
during each survey to verify the sonar readings. Substrate composition was 
divided into four general categories for the purpose of mapping. These categories 
were: 1) grater than 90% sand; 2) 10 to 30% cobble; 3) 31 to 60% cobble; and 4) 
61 to 100% cobble and boulders.  

MONTHLY SEDIMENTATION RATES 

The monthly sedimentation rates at the upcoast and downcoast areas of 
SOK (Figure 7-1) were determined using sediment traps. A description of the 
design of the sediment traps and holders is presented in Chapter 2D, Sedimen
tology. Sedimentation rates were reported as gm (dry wt)/m 2/day.  

WATER COLUMN NUTRIENTS 

Stations within and approximately 100 m upcoast of the SOK, SMK, and BK 
together with a station approximately 4.3 km offshore of the SOK (Figure 7-1), 
were occupied monthly to determine the concentrations of ammonia (NH4 ), nitro
gen (NO2 + NO3 ), and orthophosphate (PO4) within the water column. At each sta
tion within and adjacent to the kelp beds, water samples for nutrient analysis 
were collected from the bottom and surface waters, while at the offshore stations 
water samples were collected from the surface, 15 m, 30 m, and 45 m. All samples 
were collected by Van Dorn bottle. The water samples to be analyzed for nitrogen 
and phosphate content were filtered through a Whatman GF/F glass fiber filter and 
frozen in the field. Unfiltered samples for ammonia determination were frozen 
following the recommendations of Solorzano (1969). In the laboratory, the samples 
were thawed and nutrient concentrations determined by spectrophotometric tech
niques described by Strickland and Parsons (1968) and Solorzano (1969).  

KELP TISSUE NITROGEN ANALYSIS 

Monthly analyses were conducted of the nitrogen content of kelp fronds from 
SMK SOK and BK. Kelp fronds from an individual stipe were collected by divers in 
each of the three kelp beds. Every 10th frond on an individual stipe beginning 
with a sporophyll frond (reproductive portion of kelp plant located near the base 
of the plant) was detached and returned to the laboratory where all encrusting 
organisms were removed and the fronds dried. The nitrogen content (NO2 + NO3) 
of each frond was then determined by Kjeldahl nitrogen analysis as described in 
Standard Methods (Rand et al. 1976). Results were reported in percent nitrogen 
per gram of dry weight.  

KELP BED RECONNAISSANCE 

Qualitative assessments of the health of kelp plants in the established beds 
of the San Onofre region were made by diver-biologists during three surveys in 
1979. Concurrently with these observations, a quantitative estimate of the 
success of the kelp recruitment was conducted. Observations were made at single 
stations in each of the three kelp beds (Figure 7-3). Additional observations 
were made along an 1100 m transect (Transect B) in SOK.
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SAN MATEO KELP RESULTS 
0 September 1979 

AREAL EXTENT OF KELP CANOPIES 

S...As adult kelp plants are added 
StationD to or lost from a kelp bed for various 

reasons, the density and/or perimeter 
of the kelp canopy reflect the 

a changes. In the present investigation, 
G, the areal extent of the kelp canopies 

of the San Onofre region were esti
mated quarterly and the density of 
these canopies mapped monthly (weather 
permitting) to qualitatively assess 
changes in the kelp beds.  

Beginning in July 1979 mapping 
DredgeLine activities were expanded at SOK to 

SANONOFREKELP include a new section of offshore 
September 1979 canopy not previously mapped. The kelp 

St7o canopy maps presented herein include 
sections of the kelp beds composed of 

. high density fronds that may not have 
reached the surface.  

ransect _ San Mateo Kelp Bed 

The SMK canopy increased from 
April to July and then decreased 
through February 1980 (Table 7-1). In 
April 1979, the canopy was composed of 
two major sections (Area 1 and 2) with 
isolated patches of canopy located 
downcoast. During this period, the 
major section (Area 1) was located in 
the inshore area of the kelp bed 

BARN KELP (Figure 7-4).  
September 1979 

By the July survey, the inshore 
section of the canopy (Area 1) had 
fragmented, with the offshore edge 
combining with Area 2. Area 2 had 
expanded substantially as had the 
scattered canopy located downcoast of 
the main kelp bed (Figure 7-4).  

Results of the November survey 
StationA indicated that the inshore section of 

the canopy had disappeared completely, 
while the offshore section had con
tracted from its September position.  
By February 1980 the offshore edge of 
Area 2 had contracted further, while 

Figure7-3. Location of stations and transect oc- the inshore Area 1 had reappeared 
cupied for assessment of general health (Figure 7-4).  
of kelp plants within the San Mateo, 
San Onofre, and Barn kelp beds from 
January through December 1979.
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San Onofre Kelp Bed 

The SOK canopy increased from 515,000 m2 in April 1979 to 1,238,800 m2 in 
February 1980. Part of this increase was the result of the expansion of the 
area mapped beginning with the July Table7-1. Estimated area extent of the kelp 

1979 survey. Even without the addi- canopies (m2 ) of the San Onofre 

tional area mapped, the San Onofre region from April 1979 through 

kelp canopy increased approximately February1980.  
1.6 times between April 1979 and San Mateo San Onofre Barn 

February 1980. Date Kelp Bed Kelp Bed Kel p bed 

April 1979 324,920 515,000 88,000 
In April 1979, the SOK canopy was September 1979 550,700 845,600 240,800 

November 1979 335,800 966,000 245,300 

separay to18 tee or e.ins0. February 1980 334,300 1,238,800 262,700 

Area 1 was located on the inshore *Estimates supplied by Kelp Ecology Projects, 
perimeter of the kelp bed, Area 2 on Marine Review Comittee.  
the offshore perimeter, and Area 3 on 
the downcoast perimeter. Within the area encompassed by these three major 
sections of canopy were small isolated patches of varying size (Figure 7-5).  

The July mapping results indicated that the sections of the SOK canopy had 
expanded in all directions. The inshore section (Area 1) had expanded to a point 
where it encompassed much of the scattered canopy found in the center of the kelp 
bed in April. The offshore section (Area 2) had increased outwardly in all 
directions and was connected to Areas 1 and 3 (Figure 7-5).  

The kelp canopy again underwent a major expansion between July and Sep
tember. The major sections of the canopy (Areas 1, 2, and 3) were now fused 
and covered much of the kelp bed area. A new section of the San Onofre kelp 
canopy (Area 4) had also appeared upcoast and inshore of the SONGS Unit 2 
diffuser line (Figure 7-5).  

Between November 1979 and February 1980, the shape of the SOK canopy under
went a major change. Much of the downcoast section of the kelp canopy disappeared 
while the upcoast section expanded in an offshore-onshore direction (Figure 7-7.  
The new section of the canopy (Area 4), expanded to approximately 381,880 m .  

Barn Kelp Bed 

The BK canopy was the smallest of the three canopies maped, ranging 
in size from approximately 88,000 m2 in April 1979 to 262,700 m in February 
1980 (Table 7-1). In April the kelp bed consisted of scattered patches of canopy 
with the largest occurring in the offshore-downcoast region (Area 1). By July 
many of the small fragments of canopy began to coalesce, especially in Area 1 
where the areal extent of the canopy increased considerably. Little change in the 
extent of the Barn kelp canopy was noted between July 1979 and February 1980 
(Table 7-1), although its configuration underwent major changes (Figure 7-6).  

KELP BED SUBSTRATE 

Suitable substrate (i.e. rock, cobble, or reef) is one of the major factors 
in controlling the expansion and maintenance of the kelp beds. Loss of suitable 
substrate may result from burial of the rocky areas by either bedload movement or 
sedimentation. The movement of bedload is the result of physical processes 
associated with wave and current action, while sedimentation is the result of 
either man-made or natural processes.  

The purpose of this segment of the investigation was to qualitatively 
examine the changes in general substrate composition of the three kelp beds under 
examination, and to examine the relationship, if any, between changes in the 
areal extent of the kelp canopies and availability of suitable substrate.
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MAX POWER (DEG. C).*2*HR .286E 03 
CONT. TEMP. POWER SPECTRUM 
STA. C2. SURFACE. 1979 
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Figure 1-52. Continuous temperature power spectrum for Station C2S, Surface, 1979.  
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Figure 1-53. Continuous temperature power spectrum for Station C2S, mid-depth, 
1979.
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Figure 1-22. Isometric vertical cross-sections of temperature. 11 January 1979.
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Fiaure 1-23. Isometric vertical cross-sections of temperature, 14 March 1979
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Figure 1-24. Isometric vertical cross-sections of temperature, 16 May 1979.
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Figure 1-25. Isometric vertical cross-sections of temperature, 11 July 1979.



1-36 

--- ----

Figure 1-26. Isometric vertical cross-sections of temperature, 5 September 1979.
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Figure I~28. Isometric vertical cross-sections of temperature, 27 November 1979.
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Figure 1-29. Surface isotherms from infrared radiometer measurements, Flight 1, 
1023-1101 PST, 11 January 1979.
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figure 1-31. Surface isotherms from infrared radiometer measurements, Flight 1, 
0915-1000 PST. 14 March 1979.
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Figure 1-33. Surface isotherms from infrared radiometer measurements, Flight 3, 
1514-1550 PST, 14 March 1979.
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Figure 1-37. Surface isotherms from infrared radiometer measurements, Flight 3, 
1310-1340 PST. 11 Juiv 1979.
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Figure 1-38. Surface isotherms from infrared radiomners. measurements, Flight 1, 
0957-1035 PST, 5 September 1979.
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Figure 1-44. Surface isotherms from temperature dispersion measurements by Survey 
Vessel, Run 1,0951-1105 PST. 11 January 1979.
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Figure 1-45. Surface isotherms from temperature dispersion measurements by Survey 
Vessel, Run 2, 1430-1527 PST, 11 January 1979.
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Eigure 1-47. Surface isotherms from temperature dispersion measurements by Survey 
Vessel, Run 1, 0755-0901 PST, 16 May 1979.
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Figure 1-48. Surface isotherms from temperature dispersion measurements by Survey 
Vessel, Run 2.,1407-1426 PST. 16 May 1979.
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Figure 1-49. Surface isotherms from temperature dispersion measurements by Survey 
Vessel, 1212-1325 PST, 1 June 1979.
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Figure 1-50. Surface isotherms from temperature dispersion measurements by Survey 
Vessel, 0837-0906 PST, 5 September 1979.
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Figure 1-51. Surface isotherms from temperature dispersion measurements by Survey 
Vessel,.0814-0856 PST. 7 November 1979.
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Figure 1-52. Continuous temperature power spectrum for Station C2S, Surface, 1979.  
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Figure 1-53. Continuous temperature power spectrum for Station C2S, mid-depth, 
1979.
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Figure 1-54. Continuous temperature power spectrum for Station C2S, Bottom,1919.  
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Figure 1-55. Continuous temperature power spectrum for Station C22S, Surface, 1979.
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Figure 1-56. Continuous temperature power spectrum for Station C22S, Mid-Depth, 
1979.  
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Figure 1-57. Continuous temperature power spectrum for Station C22S, Bottom, 1979.
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Figure 1-58. Continuous temperature power spectrum for Station F2S, Surface, 1979.  
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Figure 1-59. Continuous temperature power spectrum for Station F2S, 4.5 m of depth, 
1979.



1-66 

MRX POWER (0EG. C)**2*HR = .525E 03 
CONT. TEMP. POWER SPECTRUM 
STR. F2S. 30 FEET, 1979 

Ell 

30 DAY5 

90 ORYS 7 DHY5 24 HOtIRS 2 HOURS PERIOD 

12 HUUR5 

100-3 10-2 10- 100 10' 
FREQUENCY (CYCL[S/HOR) 

Figure 1-60. Continuous temperature power spectrum for Station F2S, 9 m of depth, 
1979.  
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Figure 1-61. Continuous temperature power spectrum for Station F2S, Bottom, 1979.



1-67 

MAX POWER (DEG. C)**2*HR = .330E 04 
- CONT. TEMP. POWER SPECTRUM 

STA. C25. SURFACE. 1976-1979 

(T 

CC 

(n 

L.0 

_

U 

-IJ 
C 

6 _ MONTHS 30 DAYS .7 DAYS 24 HOURS 2 HOURS -- PERIOD 

o 90 DRYS 12 HOURS 

YEAR 

0 s1- 10- 1 2 to-' 100 10 

FREQUENCY (CYCLES/HOUR), 

Figure 1-62. Continuous temperature power spectrum for Station C2S, Surface, 
1976-1979.  
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Figure 1-63. Continuous temperature power spectrum for Station C2S, Bottom 
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Figure 1-86. Autocorrelation of surface temperature at Station C2S during January and 
February 1979.  
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Figure 1-87. Autocorrelation of surface temperature at Station C2S during July and 

August 1979.
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Figure 1-88. Autocorrelation of mid-depth temperature at Station C2S during January 
and February 1979.  
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Figure 1-89. Autocorrelation of mid-depth temperature at Station C2S during July and 
Auaust 1979.
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Figure 1-90. Autocorrelation of bottom temperature at Station C2S during January and 
February 1979.  
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Figure 1-91. Autocorrelation of bottom temperature at Station C2S during July and 
August 1979.
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Figure 1-92. Autocorrelation of bottom temperature at Station F2S during January and 
February 1979.  
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Figure 1-93. Autocorrelation of bottom temperature at Station F2S during July and 
August 1979.
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Figure 1-94. Autocorrelation of surface to bottom temperature difference at Station 
C2S during January and February 1979.  
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Figure 1-95. Autocorrelation of surface to bottom temperature difference at Station 

C2S durino Julv and Auaust 1979.
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Figure 1-96. Coherency as a function of the frequency of surface temperature 
fluctuations at Stations C2S and C22S during 1979.
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Figure 1-97. Coherency as a function of the frequency of surface temperature 
fluctuations at Stations C2S and F2S during 1979.
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Figure 1-98. Coherency as a function of the frequency of mid-depth temperature 
fluctuations at Stations C2S and C22S during 1979.
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Figure 1-99. Coherency as a function of the frequency of 4.5 m depth temperature 
fluctuations at Stations C2S and 72S durina 1979.
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Figure 1-100. Coherency as a function of the frequency of bottom temperature 
fluctuations at Stations C2S and C22S during 1979.
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Figure 1-102. Coherency as a function of the frequency of bottom temperature 
fluctuations at Stations C2S and F2S during 1979.
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Figure 1-103. Comparison of intake, discharge, and ocean surface ambient temperatures 
durina January 1979.
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Figure 1-105. Comparison of intake, discharge, and ocean surface ambient temperatures 
during March 1979.
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Figure 1-106. Comparison of intake, discharge, and ocean surface ambient temperatures 
during April 1979.
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Figure 1-108. Comparison of intake, discharge, and ocean surface ambient temperatures 
during June 1979.
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Figure 1-111. Comparison of intake, discharge, and ocean surface ambient temperatures 
during September 1979.
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Figure 1-112. Comparison of intake, discharge, and ocean surface ambient temperatures 
durina October 1979.
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Figure 1-115. Representativeness of temperature conditions during plankton sampling.  
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Figure 1-116. Representativeness of temperature conditions during fish sampling.
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Figure 1-117. Representativeness of temperature conditions during hard bottom benthic 
sampling.  
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Figure 1-118. Representativeness of temperature conditions during benthic infauna 
sampling.
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Table 11-1. Mean and range of surface and mid-depth (4 m) percent light trans
mittance during 1979 bimonthly surveys.  

Depth Item Jan 11 Mar 14 May 16 Jul 11 Sep 5 Nov 7 Nov 27 Year 

Operational b 
Stations Surface Min/Staa 00/XOb 02/XOb 01/XO 02 /XOb 02/XO 02/XO 01/XO 00/x0 

Max/Staa 44/F14S 72/F14N 50/Fl4N 64/C14N 59/Fl4N 80/F14N 84/F6S 84/F6S 

Mean 8 41 16 26 33 39 41 29 
Std Dev 10.4 22.3 14.2 14.2 13.8 19.5 21.5 16.6 

Mid-Depth Min/Sta 00/x0b 01/XO 00/XO 01/X0b 02/XO 01/AIN 00/Xb 00/XOb 

Max/Sta 42/F14S 76/Fl4N 46/F6S 68/Fl4N 49/F14N 80/Fl4N 84/F14N 84/Fl4N 

Mean 9 38 18 21 26 36 49 22 
Std Dev 10.5 18.0 14.3 13.1 13.2 19.6 20.0 15.5 

Preoperational 
Stations Surface Min/Sta 08/J8N 45/F20N 33/F265 17/F2N 44/F2N 61/F2S 45/F2N 08/J8N 

Max/Sta 54/M4S 80/JBN 63/F20N 60/M4N 52/J4N 82/F20Nb 85/F20N 85/F20N 

Mean 32 70 43 46 47 74 70 55 
Std Dev 13.1 7.9 6.3 10.2 2.2 5.8 12.5 8.3 

Mid-Depth Min/Sta 06/J8N 41/F20N 24/F26S 07/F2N 09/F2N 57/J4S 47/F2N 06/J8N 

Max/Sta 65/M2S 79/J8N 65/F20N 62/M2N 48/M385 80/F20N - 85/F20N 85/F20N 

Mean 36 70 42 46 43 72 72 54 
ltd Dev 15.4 8.9 7.6 11.8 7.4 6.4 12.1 9.9 

b Minimum or maximum percent light transmittance and station where measured.  
b Minimum or manimum observed at more than one stat ion; measurement closest to discharge presented.
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Table 11-2. Mean and range of Secchi disc depths of visibility (m) during 1979 
bimonthly surveys.  

Item Jan 11 Mar 14 May 16 Jul 11 

Operational Min/Staa 1.0/B.5Nb 1.5/A8S 1 .5/XOb 1.8/AO 
Stations 

Max/Staa 7.0/Barn Kelp 11.0/EQ 6.0/D4S 7.0/Cl4N 

Mean 2.6 6.1 3.3 4.6 
Std Dev 1.39 2.76 1.40 4.47 

Preoperational Min/Sta 1.9/Fl4N 6.5/Fl4S 4.0/F26S 3.5/F2N 
Stations 

Max/Sta 13.0/M8S 17.0/M4N 10.7/F20N 10.0/Fl4N 

Mean 6.0 13.2 6.3 7.4 
Std Dev 2.71 3.09 1.21 1.26 

Item Sep 5 Nov 7 Nov 27 Year 

Operational Min/Staa 1.5/XO 2.3/XO 1.5/XO 1.0/B.5Nb 
Stations 

Max/Staa 8.0/C10Nb 9.5/E2Nb 11.0/E2Sb ll.0/EOb 

Mean 5.4 5.8 6.7 5.1 
Std Dev 1.83 2.45 2.85 4.61 

Preoperational Min/Sta 4.7/F2N 7.0/F14S 7.5/F2Nc 1.9/Fl4N 
Stations 

Max/Sta 10.5/Fl4N 14.5/F20N 16.9/Fl4Nc 17.0/M4N 

Mean 8.2 11.2 11.3c 8.8 
Std Dev 1.21 1.57 2.09c 3.28 

a Minimum or maximum Secchi disc value and stations where measured.  
b Minimum or maximum observed at more than one station; value closest to discharge presented.  
c Based on data from stations along the F-line only.
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Table 11-3. Mean and range of surface and mid-depth (4 m) suspended solids 
concentration (mg/i) during 1979 bimonthly surveys.  

Depth Item Jan 11 Mar 14 May 16 Jul 11 Sep 5 Nov 7 Year 

Operational ab 
Stations Surface Min/Sta 0.1/B4N&S 0.4/E2N 0.2/F65 0.6/C2N 0.O/D2S 0 .2/E 0  0.0/D25 

Max/Staa 12.8/F6N 13.2/DO 21.6/A0 19.7/AS 21.8/C20N 19.0/DO 21.8/C20N 

Mean 2.6 3.7 4.2 4.6 2.2 3.6 3.5 
Std Dev 2.88 3.26 4.06 4.62 4.01 4.19 3.97 

Mid-Depth Min/Sta 0.1/C6N 0.4/C2N 0.4/C6S 0.4/COb 0.2/COb 0.4/F0b 0.1/C6N 

Max/Sta 61.2/A2N 12.6/A2N 411.8/A2N 316.2/A2N 817.6/AS 25.2/AS 817.6/AS 

Mean 6.6 3.5 29.7 13.9 53.9 4.1 18.6 
Std Dev 14.82 3.09 97.54 55.28 198.96 5.08 95.21 

Preoperational b b b b b 
Stations Surface Min/Sta 0.2/F22S 0.2/112N 0.2/HO 0.4/H0 0.2/MO 0.2/H2S 0.2/HO 

Max/Sta 11.2/F20N 10.8/F20N 2.4/H2N 11.0/MON 19.8/JBN 1.2/M8S 19.8/JON 

Mean 2.5 2.2 1.2 2.9 3.7 0.4 2.1 
Std Dev 3.15 3.43 0.68 3.78 5.86 0.28 3.61 

Mid-Depth Min/Sta 0.1/H2S 0.2/H0b 0.2/HOb 0.6/42N 0.0/JON 0.2/JOb 0.0/J8N 

Max/Sta 8.0/JOS 11.2/JON 5.2/F20N 13.2/MON 0.8/JOb 2.2/0 13.2/M8N 

Mean 3.1 2.7 1.3 3.8 0.4 0.8 2.0 
std Dev 2.60 3.21 1.37 3.50 0.25 0.62 2.62 

a Minimum or maximum concentration and station where measured.  
b Minimum or maximum observed at more than one station; concentration closest to discharge presented.  

Table 11-4 Mean and range of surface and mid-depth (4 m) settleable solids 
concentration (mg/A/hr) during 1979 bimonthly surveys.  

Depth Item Jan 1 1a Mar 14 May 16 Jul 11 Sep 5 Nov 7 Year 

Operational 
Stations Surface Min/Stab <0.1/XSc 0C CO 0.0/C2Nc 0.0/0 0.0/0c 0.0/BIc 

Max/Stab <0.1/X0c 23.0/XO 50.0/XO 21.0/AOc 58.0/AO 22.0/A2N 58.0/Al 

Mean <0.1 3.2 8.5 4.5 6.2 4.5 <4.5 
Std Dev 0.00 4.71 11.28 5.78 12.23 7.01 <8.38 

Mid-Depth Min/Sta <0.1/Xlc 0.0/B0c 0.0/DOc 0.0/DOc 0.0/00 0.0/B25c 0.0/BOC 

Max/Sta 0.2/Alc 1527.0/AO 1501.0/A2N 510.0/A2N 4177.0/Al 187.0/AS 4177.0/Al 

Mean <0.1 57.6 92.2 21.9 251.0 14.1 72.8 
Std Dev <10.00 269.96 309.59 89.46 954.93 41.35 434.74 

Preoperational 
Stations Surface Min/Sta <0.1/100 0.0/H2Nc 0.0/HOc 0.0/HNc 0.0/HOc 0.0/H2NC 0.0/HOC 

Max/Sta <0.1/HOc 23.0/F220 17.0/MO 13.0/F22S 11.0/F20N 2.0/F20N 23.0/F22S 

Mean <0.1 3.5 5.3 2.1 1.1 0.5 2.1 
Std Dev 0.00 6.34 6.33 3.70 3.15 0.66 4.54 

Mid-Depth Min/Sta <0.1/HDc O.0/H2N,H12S 0.0/HOC 0.0/H0 0.0/HOc 0.0/H2Sc 0.0/110c 

Max/Sta <0.1/HOc 20.0/F22S 14.0/MO 24.0/F221 19.0/JBS 2.0/10 24.0/F22S 

Mean <0.1 3.3 5.0 3.2 4.3 0.6 2.7 
Std Dev 0.00 5.85 5.36 6.67 6.92 0.77 5.40 

bJanuary 11 concentrations were determined by volume (ml/t/hr).  
Minimum or maximum concentration and station where measured.  
cMinimum or maximum observed at more than one station; concentration closest to discharge presented.
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Table 11-5. Comparison of surface percent light transmittance at similar fish, 
plankton, and turbidity sampling stations during 1979.  

Fish S09 S014 SM9 SM14 DL9 DL14 

Plankton 1 2 3 4 5 7 9 11 13 14 15 16 

Turbidity C8N D4N D2N D2S D4S C22S C20N F2S F22S F20N M2N M4S C2N FO C14N F14N C26S F26S 

Survey Date 

Jan 11 3 2 1 20 9 38 8 12 43 15 40 54 0 7 1 1 42 43 
Jan 17 2 2 3 2 4 2 4 19 5 22 56 52 
Jan 18 29 - - 7 - 3 8 9 16 7 66 13 
Jan 19 32 - - 24 - 48 27 50 52 38 74 78 
Feb 15 15 31 8 19 20 36 
Feb 16 12 38 15 17 30 30 
Mar 

1
4a 61/33 60/74 56/71 56/80 56/71 59/78 43/46 58/82 62/87 45/60 78/- 74/- 29 64 41 72 58 66 

Mar 15 44 - - 70 - 67 - 66 76 - -
Mar 16 20 - - 30 - 58 36 42 - - -
Apr 17 4 13 5 10 18 26 
Apr 18 1 38 18 30 34 30 
May 

16
a 8/22 8/21 12/38 32/48 34/44 30/40 17/20 14/54 39/43 63/54 35/40 46/57 7 35 13 50 27 33 

May 17 13 - - 23 - 44 38 31 42 58 37 44 
May 18 30 - - 29 - 37 22 31 35 26 35 32 
Jun 27 27 28 28 29 29 45 
Jun 20 21 28 46 45 29 41 
Jul 10 18 46 46 48 48 47 32 48 54 46 54 54 
Jul 11a 24/41 33 21 28/39 33 37/44 47/32 42/43 38/45 57/50 56/64 57/71 17 41 64 62 39 34 
Jul 12 58 - - 33 - 28 46 35 38 30 76 75 
Aug 26 15 45 50 55 37 48 
Aug 27 26 43 54 44 49 53 
Sep 5a 42 40 35 35 41 49 39/44 45/48 47 45 46 41 21 42 43 59 49 48 
Sep 6 - - - - - - - 55 48 - -

Sep 7 - - - - - - - 70 62 - -

Oct 16 64 71 73 73 60 72 
Oct 17 20 64 22 40 38 50 
Nov 6 - - - - - - - 77 45 

Nov 7 26 43 47 63 59 62 48 61 80 82 79 78 29 63 34 56 57 82 
Nov 8 80 56 
Nov 9 70 68 
Nov 27 43 47 25 47 33 75 79 67 68 85 - - 28 59 82 81 76 77 
Dec 12 64 77 33 71 71 80 
Dec 13 60 85 67 70 56 90 

a Bimonthly physical/chemical and plankton surveys on the same day.
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Table 11-6. Interated (f ) and normalized (/m) volume attenuation coefficients 
(m- at each station during 1979 bimonthly surveysa 

Survey Date Jan 11 Mar 14 May 16 Jul 11 Sep 5 Nov 7 Nov 27b 

Station fm M/m fm &/m fm 2/m Jfm X/m fm /m fo M/m fm m/m 

A2N 21.7 4.72 12.2 3.58 11.4 3.44 c c 6.65 2.89 10.6 2.47 9.95 2.69 
AIN 16.0 4.72 11.4 3.44 12.6 3.60 c c 9.96 3.83 12.6 2.87 7.92 2.03 
AO 18.4 4.72 14.0 4.24 13.3 4.15 12.4 4.58 9.45 3.78 9.76 2.27 8.28 2.67 
S2S 17.7 3.76 13.4 2.73 17.6 4.01 15.0 3.26 8.68 1.67 11.6 1.90 13.9 2.63 
A4S 27.1 4.51 12.1 1.83 28.2 4.40 17.0 2.74 13.5 1.93 20.3 2.74 12.2 2.11 
A6A 20.3 4.72 12.3 2.57 14.9 3.64 13.3 2.89 10.6 1.92 12.0 2.03 9.45 2.10 
A8S 15.6 4.59 10.4 2.97 c c c c 8.37 2.79 10.2 3.10 6.97 1.99 
B4N 27.2 4.39 12.3 2.05 22.4 3.30 24.2 3.14 16.6 2.41 14.2 2.26 12.6 1.56 
B2N 20.8 4.72 14.8 2.47 20.9 3.25 17.5 2.92 14.2 2.29 17.6 2.44 9.03 1.29 
BlN 27.8 4.72 16.9 2.86 28.2 4.03 19.7 2.85 16.1 2.73 16.4 2.10 11.3 1.61 
B.5N 30.7 4.72 15.6 3.05 31.2 4.33 21.4 3.06 13.3 2.46 10.4 1.38 7.30 1.09 
BO 30.0 4.68 11.9 2.09 23.6 3.69 22.5 3.31 12.3 2.08 13.3 1.68 13.6 2.16 
B.5S 30.0 4.69 12.1 1.70 26.0 3.66 11.5 1.77 16.9 2.29 13.3 1.64 9.45 1.35 
BIS 27.3 4.14 8.84 1.55 23.5 3.31 12.5 1.84 13.6 2.09 12.6 1.62 10.2 1.48 
B2S 18.7 2.75 11.2 1.49 25.7 3.95 15.6 2.11 20.4 2.65 12.7 1.57 8.26 1.27 
B4S 24.3 3.29 12.2 1.47 25.1 3.22 21.0 2.69 23.9 2.65 10.7 1.26 8.25 1.10 
B6S 32.6 4.46 9.56 1.31 21.2 2.82 17.9 2.30 16.0 2.05 10.7 1.24 11.7 1.44 
C20N 33.0 2.48 13.9 1.58 21.8 2.02 15.8 1.48 19.2 2.04 13.4 0.97 5.42 0.48 
C1^N 47.6 4.67 8.67 1.07 21.6 1.86 11.7 1.15 12.1 1.15 13.1 1.14 5.97 0.51 
C1ON 38.1 4.38 16.7 2.14 21.6 2.20 18.6 1.98 9.48 1.09 14.3 1.42 6.28 0.61 
C8N 40.2 4.42 7.62 0.99 22.2 2.24 16.4 1.74 12.1 1.33 16.4 1.52 7.67 0.73 
C6N 32.2 3.62 7.85 1.02 25.0 2.40 22.3 2.32 10.4 1.18 15.6 1.46 16.3 1.57 
C4N 32.2 3.54 8.98 1.34 27.3 2.90 18.2 2.17 20.6 2.34 23.9 2.19 13.1 1.51 
C2N 31.7 3.87 10.1 1.68 23.9 3.02 15.4 2.16 14.4 2.09 22.2 2.34 10.0 1.18 
XO 34.3 4.70 28.5 3.85 34.7 4.56 33.6 4.60 28.1 4.01 27.6 3.10 31.2 4.28 
CO 40.2 4.68 13.9 1.72 27.3 3.25 15.8 2.16 25.9 2.94 31.0 3.16 11.5 1.29 
C2S 23.0 2.55 11.4 1.21 21.4 2.46 19.7 2.16 29.2 3.11 12.4 1.28 8.81 0.99 
C4S 19.6 2.20 10.8 1.17 22.2 2.39 23.7 2.61 23.5 2.37 13.7 1.37 10.3 1.16 
C6S 19.0 2.37 10.4 1.19 15.2 1.79 18.3 2.13 17.4 1.96 13.2 1.37 10.1 1.19 
C8S 29.9 3.54 8.86 1.08 17.6 2.07 15.4 1.88 15.4 1.67 13.0 1.37 14.4 1.66 
ClOS 22.5 3.46 8.42 1.04 17.8 2.07 15.7 1.96 14.0 1.61 14.7 1.61 11.6 1.41 
C14S 24.7 3.21 7.09 1.09 19.8 2.75 12.7 1.72 11.8 1.55 6.40 0.82 14.4 1.87 
C22S 21.9 2.41 10.4 1.12 21.0 2.16 13.9 1.50 14.3 1.42 7.78 0.72 18.5 1.83 
C24S 30.1 3.24 9.92 1.69 21.6 2.51 18.3 1.93 12.0 1.46 8.47 0.83 9.39 0.93 
C26S 18.1 1.91 8.38 1.01 15.4 1.92 15.2 1.71 13.9 1.70 6.98 0.72 21.4 1.91 
Barn Kelp 11.8 0.84 8.82 0.63 c c 21.4 2.10 20.4 1.46 c c c c 
D6N 34.6 3.46 8.12 0.99 18.6 2.00 21.8 2.08 15.9 1.59 10.4 0.87 14.6 1.28 
D4N 33.5 3.45 8.80 1.10 20.6 1.91 17.5 1.94 17.9 1.81 11.5 0.96 13.2 1.22 
D2N 30.5 3.08 9.12 1.14 24.7 2.40 19.1 2.30 16.3. 1.89 9.88 0.89 15.5 1.55 
DO 35.4 3.34 9.31 0.99 19.8 2.36 23.8 2.27 23.5 2.26 11.9 1.00 9.80 0.97 
D2S 17.0 1.76 9.21 0.94 20.8 2.04 23.9 2.26 25.7 2.36 15.0 1.36 11.4 1.13 
D4S 18.1 1.89 10.4 1.04 16.2 1.67 28.7 2.76 19.3 1.77 13.4 1.23 12.0 1.26 
E4N 24.6 2.34 10.6 1.19 17.1 1.45 15.0 1.97 20.7 1.95 11.8 0.92 14.4 1.18 
E2N 34.2 2.90 8.64 0.96 22.9 1.85 16.3 2.51 25.0 2.45 10.2 0.79 18.8 1.50 
EO 26.0 2.36 10.6 0.98 19.8 2.36 20.6 2.26 19.6 1.77 11.3 0.90 12.7 1.14 
E2S 17.7 1.64 9.50 0.99 17.5 1.59 18.3 1.65 19.0 1.60 11.2 0.95 5.99 0.54 
F20N 36.7 2.06 14.3 0.98 17.0 0.90 14.6 0.93 16.8 1.17 7.64 0.40 3.05 0.21 
F14N 60.6 4.21 6.21 0.54 17.6 1.12 16.9 1.12 14.2 1.01 8.15 0.50 3.57 0.23 
F6N 34.7 2.80 8.92 0.92 25.9 2.01 24.9 1.98 18.3 1.51 11.0 0.79 7.26 0.53 
F2N 26.9 2.19 8.63 0.89 21.2 1.58 35.2 2.84 29.3 2.50 10.1 0.74 17.6 1.33 
F0 23.4 1.97 10.5 0.95 21.2 1.80 20.0 1.80 21.0 1.72 9.36 0.72 13.2 1.08 
F2S 18.8' 1.66 9.77 0.93 18.3 1.66 18.7 1.42 19.2 1.57 9.88 0.81 6.60 0.55 
F6S 15.8 1.44 10.1 0.91 17.2 1.59 16.9 1.51 14.5 1.23 7.87 0.69 9.92 0.91 
F14S 9.14 0.87 9.79 0.95 17.7 1.62 25.3 2.34 15.9 1.37 11.7 1.01 9.64 0.81 
F22S 8.78 0.75 11.1 0.96 23.1 1.76 20.6 1.82 14.0 1.14 6.52 0.49 8.71 0.72 
F24S 14.0 1.22 13.1 1.17 20.4 1.59 25.8 2.24 13.2 1.14 6.55 0.50 8.19 0.64 
F26S 12.0 1.01 10.6 0.96 21.6 1.80 21.8 2.06 16.4 1.24 5.95 0.41 6.90 0.54 
H2N 17.9 1.20 7.67 0.59 14.6 1.03 18.8 1.29 18.6 1.31 8.37 0.52 c c 
HO 14.3 0.98 8.19 0.64 17.4 1.33 20.4 1.35 17.8 1.23 8.37 0.52 c c 
H2S 12.6 0.92 13.6 1.00 21.6 1.59 14.7 1.11 15.6 1.12 8.06 0.53 c c 
J8N 40.0 1.93 13.6 0.66 20.1 1.00 21.6 1.09 23.5 1.17 11.4 0.52 c c 
J4N 21.7 1.15 17.6 1.04 27.5 1.51 18.5 1.12 21.0 1.18 11.6 0.60 c c 
J2N 17.2 0.93 18.2 1.03 35.3 1.95 19.2 1.11 20.3 1.12 9.65 0.50 c c 
JO 14.0 0.75 14.4 0.83 26.5 1.48 19.0 1.05 18.2 1.06 9.54 0.51 c c 
J2S 12.0 0.65 11.6 0.66 23.2 1.31 17.2 0.98 18.5 1.07 9.02 0.48 c c 
J4S 10.5 0.61 8.02 0.48 16.8 1.25 17.7 1.06 15.9 0.97 10.3 0.57 c c 
J8S 8.75 0.53 12.0 0.81 17.2 1.10 25.4 1.59 15.6 0.98 11.1 0.64 c c 
M8N 26.9 0.71 25.0 0.65 24.9 0.74 24.3 0.73 24.7 0.74 17.0 0.48 c c 
M4N 17.7 0.57 19.8 0.65 32.7 1.13 23.1 0.79 24.5 0.80 14.3 0.47 c c 
M2N 17.9 0.61 20.6 0.72 31.9 1.14 21.4 0.77 25.1 0.87 13.9 0.48 c c 
MO 14.9 0.53 23.2 0.85 30.5 1.15 24.2 0.92 23.4 0.86 14.7 0.53 c c 
M2S 11.0 0.42 18.8 0.73 39.6 1.54 22.2 0.87 21.6 0.84 14.6 0.54 c c 
M4S 10.4 0.40 17.1 0.68 35.4 1.41 20.7 0.83 20.9 0.85 14.0 0.53 c c 
M8S 8.92 0.37 20.7 0.87 22.5 1.01 21.0 0.90 18.4 0.80 12.1 0.50 c c 

a For a one meter transmissometer pathlength the attenuation coefficient (M) is equal to the 
neqative natural logarithum of the light transmittance (T) (M = -lnT). Integrated alpha 
(fo) is the cumulative light attenuation coefficient at the bottom of each station location 
w, me normalized alpha (7) is fm divided by the depth of the water column. E is reported 
as having a maximum value of 4.72 because this value exceeds the lower limit of the 

b transmissometer readout by 0.1.  Additional survey for Unit 1 stations due to unscheduled plant outage during 7 November 1979 

c survey.  
Station not sampled during this survey.
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Figure 11-45. Mid-Depth (4 m) settleable solids concentration contours (mg/9j/hr) for 7 
November 1979.
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Figure 11-47. Mid-Depth (4 m) light transmittance at C-line Stations during Bimonthly 
Surveys.
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Figure 11-48. Surface suspended solids concentrations at C-line Stations during 
Bimonthly Surveys.
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Figure 11-49. Mid-Depth (4 m) suspended solids concentrations at C-line Stations during 
Bimonthly Surveys.
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Figure 11-50. Isometric vertical cross-sections of percent light transmittance for 11 
January 1979.
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Figure 11-51. Isometric vertical cross-sections of percent light transmittance for 14 
March 1979.
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Figure II -52. Isometric vertical cross-sections of percent light transmittance for 16 May 
1979.
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Figure 11-53. Isometric vertical cross-sections of percent light transmittance for 11 July 
1979.
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Figure 11-54. Isometric vertical cross-sections of percent light transmittance for 5 
September 1979.
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Figure 11-55. Isometric vertical cross-sections of percent light transmittance for 7 
November 1979.
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Figure 11-59. Aerial photograph showing from the discharge to 8000 feet upcoast, 14 
March 1979.



Figure 11-60. Aerial photograph showing from 1500 feet downcoast to 7000 feet 
upcoast of the discharge, 14 March 1979.



Figure 11-61. Aerial photograph showing from 500 feet downcoast to 5000 feet upcoast 
of the discharge, 1 June 1979.



Figure 11-62. Aerial photograph showing from 1500 feet downcoast to 1000 feet 
upcoast of the discharge, 1 June 1979.



Figure 11-63. Aerial photograph showing from 1000 feet downcoast to 8000 feet 
upcoast of the discharge, 11 July 1979.



Figure 11-64. Aerial photograph showing from 2000 feet downcoast to 12000 feet 
upcoast of the discharge, 11 July 1979.



Figure 11-65. Aerial Photograph showing from the discharge to 3000 feet downcoast, 5 
September 1979.



Figure 11-66. Aerial photograph showing from 2000 feet downcoast to 2500 feet 
upcoast of the discharge, 5 September 1979.



Figure 11-67. Aerial photograph showing from 8000 feet downcoast to 3000 feet 
upcoast of the discharge, 7 November 1979.



Figure 11-68. Aerial photograph showing from 6000 feet downcoast to 500 feet 
downcoast of the discharge. 7 November 1979.



Figure 11-69. Aerial photograph showing from the discharge to 8000 feet downcoast, 7 
November 1979.



Figure 11-70. Aerial photograph showing from 4000 feet downcoast to 8000 feet 
upcoast of the discharge, 27 November 1979.



Figure 11-71. Aerial photograph showing from 5000 feet downcoast to 500 feet upcoast 
of the discharge, 27 November 1979.
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Table III-1. Surface dissolved oxygen at required SONGS 1 operational and SONGS 2 
and 3 preoperational monitoring stations during 1979.  

Unit 1 - Operational Units 2 and 3 - Preoperational 

Survey CO X0 C22S Unit 1 J2N J2S J4S F22S Units-2 & 3 
Date (Intake) (Discharge) (Control) Mean Mean 

Jan 11 7.7 7.6 7.9 7.7 7.9 7.9 7.9 7.8 7.9 

Mar 14 8.6 8.7 9.0 8.8 8.7 8.7 8.6 9.1 8.8 

May 16 9.1 8.7 9.2 9.0 9.3 9.3 9.3 9.8 9.4 

Jul 11 8.1 8.3 8.3 8.2 8.0 8.0 8.0 8.1 8.0 

Sep 5 7.9 8.0 7.1 7.7 7.7 8.2 8.1 7.9 8.0 

Nov 7 8.4 7.6 8.2 8.1 7.9 7.8 7.9 8.1 7.9 

Nov 27 8.0 7.7 8.0 7.9 a a a 8.1 

a Not measured during November 27 survey.  

Table 111-2. Surface dissolved oxygen percent saturation at required SONGS 1 
operational and SONGS 2 and 3 preoperational monitoring stations during 
1979.  
Unit 1 - Operational Units 2 and 3 - Preoperational 

Survey CO X0 C225 Unit 1 J2N J2S J4S F225 Units 2 3 
Date (Intake) (Discharge) (Control) Mean Mean 

Jan 11 94.2 98.3 94.8 95.8 93.8 94.7 94.4 93.3 94.1 

Mar 14 106 119 108 111 103 103 102 109 104 

May 16 110 117 113 113 110 110 111 120 113 

Jul 11 108 115 111 Ill 102 102 102 107 103 

Sep 5 108 111 95.3 105 103 109 108 107 107 

Nov 7 102 104 100 102 96.8 95.6 96.7 101 97.5 

Nov 27 99.6 104 96.8 100 a a a 98.5 

a Not measured during November 27 survey.  

Table 111-3. Surface hydrogen ion concentration (pH) at required SONGS 1 
operational and SONGS 2 and 3 preoperational monitoring stations during 
1979.  

Unit 1 - Operational Units 2 and 3 - Preoperational 
Survey CO XS C22S Unit I J2N J2S J4S F22S Units 2 & 3 Date (Intake) (Discharge) (Control) Mean Mean 

Jan 11 8.02 7.99 8.07 8.03 8.03 8.02 8.02 8.07 8.04 

Mar 14 8.24 8.20 8.05 8.16 8.21 8.19 8.23 8.09 8.18 

May 16 8.01 7.99 7.97 7.99 7.98 7.98 7.98 8.06 8.00 

Jul 11 7.95 8.20 8.03 8.06 8.17 8.17 8.34 8.00 0.17 

Sep 5 8.15 8.12 8.08 8.12 8.19 8.18 8.18 8.15 8.18 

Nov 7 8.20 8.19 8.10 8.16 8.16 8.14 8.14 8.09 8.13 

Nov 27 8.28 8.26 8.26 8.27 a a a 8.25 

a Not measured during November 27 survey.



111-4 

Table 111-4. Range, mean and standard deviation of heavy metals concentrations for 
SONGS 1 stations during 1979.  

Receiving Water (mg/1) 

Metal Item Sampling Station 

X0 C22S D4N D4S 

Copper Min/Surveya 0.001/Mar 0.001/Jan, Nov 9 0.001/Jul 0.003/Nov 9 

Max/Surveya 0.066/Jul 0.013/Mar 0.025/Jun 0.12/May 
Mean 0.017 0.005 0.008 0.028 
Std Dev 0.0227 0.0041 0.0070 0.0390 

Chromium Min/Survey <0.001/Nov 9 & 29 -0.001/Nov 9 0.001/Nov 9 & 29 <0.001/Nov 9 & 29 

Max/Survey 0.008/Jul 0.040/Nov 29 0.005/Jan 0.011/Jul 

Mean 0.003 0.010 0.002 0.004 

Std Dev 0.0022 0.0130 0.0015 0.0034 

Iron Min/Survey 0.11/Sep 0.07/Sep 0.08/Mar 0.12/Jul 

Max/Survey 1.2/Jan 0.34/Jan 0.34/Jan 0.40/Sep 

Mean 0.42 0.19 0.19 0.24 
Std Dev 0.332 0.078 0.079 0.112 

Nickel Min/Survey 0.001/Mar 0.002/Mar -0.001/Mar, Jul <0.001/Jan 

Max/Survey 0.048/Nov 9 0.029/Nov 9 0.028/Nov 9 0.017/May 

Mean 0.014 0.009 0.010 0.008 

Std Dev 0.0147 0.0092 0.0091 0.0062 

Titanium All Measurements -0.1 

Sedimonts (mg/kg) 

Metal Item Sampling Station 

X0 C22S D4N D4S 

Copper Min/Survey 3.5/Jan 1.0/Jan 4.2/Sep, Nov 29 4.2/Nov 9 & 29 

Max/Survey 8.2/Mar 4.4/Sep 7.8/Jun 5.3/Jul 

Mean 5.4 3.1 5.5 4.6 
Std Dev 1.60 1.29 1.25 0.37 

Chromium Min/Station 10/Sep 3.0/May 10/Jun 14/Sep, Nov 29 

Max/Station 20/Mar 15/Mar, Nov 9 19/Mar 22/Mar 

Mean 14 10 15 18 

Std Dev 3.10 4.73 2.93 3.02 

Iron Min/Station 7390/Sep 1160/May 7880/Nov 29 6670/Nov 29 

Max/Station 14,400/Mar 7650/Sep 12,500/Mar 9780/Jul 

Mean 9660 5427 9801 8349 

Std Dev 2460.5 2443.7 1375.8 1125.5 

Nickel Min/Station 5.5/Sep 3.4/Jan 4.8/Nov 29 6.4/Mar, Nov 9 & 29 

Max/Station 11/Mar 6.3/Mar 8.9/Jan 9.3/May 
Mean 7.5 5.3 7.3 7.5 

Std Dev 1.97 1.04 1.41 1.12 

Titanium Min/Station 355/Sep 171/Jan 454/Sep 393/Sep 
Max/Station 1000/Mar 711/May 934/Jan 1068/Jul 

Mean 651 538. 669 737 

Std Dev 202.3 173.5 176.7 257.7 

a Minimum or maximum concentration measured and date of survey when measured.
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Table 111-5. Range, mean, and standard deviation of heavy metals concentrations for 
SONGS 2 and 3 stations during 1979.  

Receiving Water (mq/1) 

Metal Item Sampline Station 

30 J2S J4N J4S J22S 

Copper Min/Surveya 0.001/Mar.Nov 9 0.002/Nov 9 0.003/Mar 0.002/Sep 0.002/Sep 
Max/Surveya 0.19/May 0.018/Sep 0.024/Nov 9 0.011/Jul,Nov 9 0.10/Jul 
Mean 0.060 0.009 0.011 0.009 0.026 
Std Dev 0.0739 0.0048 0.0072 0.0031 0.0338 

Chromium Min/Survey <0.001/Nov 9 0.001/Nov 9 *0.001/Nov 9 0.001/Nov 9 '0.001/Nov 9 
Max/Survey 0.011/Jul 0.007/Jul 0.005/Jul 0.006/Jul 0.006/Jul 
Mean 0.004 0.003 0.002 0.003 0.003 
Std Dev 0.0036 0.0021 0.0014 0.0017 0.0018 

Iron Min/Survey 0.07/Jul 0.04/Mar 0.07/Jul 0.07/Jul 0.07/Jul 
Max/Survey 0.22/Nov 9 0.30/Jan 0.27/May 0.35/May 0.26/Jan 
Mean 0.15 0.18 0.15 0.18 0.17 
std Dev 0.061 0.097 0.081 0.094 0.069 

Nickel Min/Survey 0.001/Mar 0.00l/JanJul,0Sp 0.001/Mar 0.001/Jan,Sep 0.001/Jan 
Max/survey 0.022/May 0.026/May 0.014/May 0.020/Nov 9 0.013/May 
Mean 0.009 0.007 0.006 0.006 0.005 
Std Dev 0.0070 0.0090 0.0048 0.0064 0.0043 

Titanium All Measurement. 0.1 

Sediments (mp/kg) 

Metal Item Samplinq Station 

JO 32S J4N J4S 122S 

Copper Min/Survey 4.9/Nov 9 5.1/Jan 3.9/Jan 3.
6

/Jan 3.3/Jan 
Max/Survey 7.3/Jul 6.6/Jul 5.4/Jul 7.0/Mar 5.3/May 
Mean 6.1 5.8 4.6 5.1 4.2 
Std 0ev 0.83 0.57 0.50 1.12 0.64 

Chromium Min/Survey 17/Nov 9 15/Sep 12/Sep,Nov 9 14/May,Sep 13/Mar 
Max/Survey 22/Jul 23/Mar 19/Mar 20/Jul 17/MayNov 9 
Mean 20 19 15 16 15 
Std Dev 1.7 2.3 2.6 2.1 1.5 

Iron Min/Survey 9490/Nov 9 9240/Nov 9 7110/Sep,Nov 9 6990/May 6450/Mar 
Max/Survey 12200/Jul 11800/Mar 10000/Jul 10200/Jul 8180/May 
Mean 10934 10168 8623 8255 7267 
std Dev 951.9 978.1 1292.2 1295.3 575.3 

Nickel min/Survey 8.0/Nov 9 
7
.
4
/Sep 6.2/Sop,Nov 9 6.5/Sep 6.0/Mar 

Max/Survey ll/May 9.7/May,Jul 0.2/May 10/Mar 7.9/May 
Mean 9.4 8.9 . 7.0 8.1 6.8 
Std Dev 1.09 0.82 0.72 1.23 0.56 

Titanium Min/Survey 709/Nov 9 50
7
/Sep 395/Sep,Nov 9 458/Sep 404/Mar 

Max/Survey 982/May 1150/Mar 933/May 1160/Mar 908/Nov 9 
Mean 874 839 668 694 605 
Std Dev 99.0 195.8 216.3 280.0 165.2 

a Minimum or maximum concentration measured and date of survey when measured.
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Figure III-1. Copper concentration in seawater from 1975 through 1979 at SONGS 1 
stations.
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Figure I1-2. Chromium concentration in seawater from 1975 through 1979 at SONGS 
1 stations.
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Figure 111-3. Iron concentration in seawater from 1975 through 1979 at SONGS 1 
stations.
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Figure 111-4. Nickel concentration in seawater from 1975 through 1979 at SONGS 1 
stations.
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Figure 111-5. Titanium concentration in seawater from 1978 through 1979 at SONGS 1 
stations.
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Figure 111-6. Copper concentration in sediment from 1975 through 1979 at SONGS 1 
stations.
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Figure 111-7. Chromium concentration in sediment from 1975 through 1979 at SONGS 
1 stations.
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Figure 111-8. Iron concentration in sediment from 1975 through 1979 at SONGS 1 
stations.
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Figure 111-9. Nickel concentration in sediment from 1975 through 1979 at SONGS 1 
stations.
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Figure III-10. Titanium concentration in sediment from 1978 through 1979 at SONGS 1 
stations.



APPENDIX IV - SEDIMENTOLOGY



Table IV-1. Tidal datum elevations at SONGS site.  

Elevation (ft) Datum* 

7.7 Extreme Highest Tide** 
7.1 Average Yearly High Tide 
5.3 Mean Higher High Water 
4.55 Mean High Water 
2.7 Mean Tide Level 
0.85 Mean Low Water 
0.0 Mean Lower Low Water 
-1.9 Average Yearly Low Tide 
-2.6 Extreme Lowest Tide** 

* Based upon tides at Oceanside, California.  
** Includes effects of storm surge.  

Table IV-2. Grain size measures.  

Phi (4) Measured Size 

Size Descriptive Size (m) (mm) (P ) 

- 9 boulder 1/2 512 
- 8 boulder 1/4 256 
- 7 cobble 1/8 128 
- 6 cobble 1/16 64 
- 5 cobble 32 
- 4 pebble 16 
- 3 pebble 8 
- 2 pebble 4 
- 1 granule 2 

0 very coarse sand 1 
1 coarse sand 1/2 
2 medium sand 1/4 
3 fine sand 1/8 
4 very fine sand 1/16 63 
5 coarse silt 1/32 31 
6 medium silt 1/64 16 
7 fine silt 1/128 8 
8 very fine silt 1/250 4 
9 clay 2 

10 clay 1 
11 c0.5 

12clay 0.25 12 colloids 0.12 

14 and 0.06 
15 organic 0.03 
20 colloids <0.01



APPENDIX V - SEDIMENT INFAUNAL HABITAT



Table V-1. Number of benthic infaunal species displaying a particular feeding type, 
February, May, August, and November 1979.  

Surface Sub-surface Total 
Station Filter Feeders Carnivores Omnivores Deposit Feeders Deposit Feeders Deposit Feeders 

February 

Al 2 1 1 7 2 9 
A2 9 12 4 20 11 31 
A3 14 15 2 22 18 40 
B1 5 3 2 11 2 13 
B2 14 15 4 17 12 29 
B3 14 15 4 27 12 39 
C1 8 4 1 14 5 19 
C2 10 10 4 15 10 25 
C3 12 18 6 31 12 43 
D1 5 5 3 10 5 15 
D2 18 10 5 15 12 27 
D3 12 14 6 28 13 41 
El 6 5 4 14 3 17 
E2 11 11 6 22 10 32 
E3 10 6 6 21 15 36 
F1 6 6 3 11 5 16 
F2 10 11 4 18 10 28 
F3 16 16 5 29 18 47 

Mean 10.11 9.83 3.89 18.44 9.73 28.17 

May 

A1* 0 0 0 0 0 0 
A2 16 16 5 29 15 44 
A3 23 25 4 36 14 50 
B1 4 7 5 13 9 22 
B2 14 15 5 34 8 42 
B3 17 21 4 34 13 47 
Cl 6 10 4 14 9 23 
C2 12 16 8 22 18 40 
C3 18 22 6 33 18 51 
D1 10 8 5 16 5 21 
D2 12 18 3 21 13 34 
D3 16 19 6 36 12 48 
El 10 10 3 20 7 27 
E2 16 21 8 26 14 40 
E3 16 7 3 26 17 43 
Fl 9 9 3 16 5 21 
F2 16 20 6 21 10 31 
F3 18 16 6 34 11 45 

Mean 13.71 15.29 4.94 25.35 11.65 37.00 
*No samples taken at A-1 in May



Table V-1. Number of benthic infaunal species displaying a particular feeding type, 
February, May, August, and November 1979 (Cont).  

Surface Sub-surface Total 
Station Filter Feeders Carnivores Omnivores Deposit Feeders Deposit Feeders Deposit Feeders 

August 

Al 8 5 4 16 7 23 
A2 17 21 7 30 15 45 
A3 19 22 7 41 13 54 

B1 10 7 4 11 4 15 
B2 16 21 8 29 14 43 
83 23 21 5 39 17 56 

Cl 9 9 2 11 4 15 
C2 22 21 19 30 15 45 
C3 21 22 10 47 20 67 

D1 9 8 3 12 5 17 
D2 14 16 6 26 16 42 
D3 16 17 9 42 18 60 

El 7 6 4 13 7 20 
E2 13 19 7 27 14 41 
E3 15 15 4 33 11 44 

Fl 10 3 3 13 7 20 
F2 12 15 7 22 9 31 
F3 20 23 8 45 17 62 

Mean 14.50 15.06 6.50 27.06 11.83 38.89 

November 

Al 3 6 2 10 6 16 
A2 12 9 7 24 11 35 
A3 18 22 9 39 11 50 

+81 6 5 2 12 4 16 
B2 11 13 9 31 12 43 
B3 19 20 5 28 13 41 

Cl 6 4 1 9 7 16 
C2 13 13 7 31 16 47 
C3 16 18 8 39 16 55 

D1 8 5 2 15 7 22 
D2 13 15 6 25 13 38 
D3 18 11 6 34 12 46 

El 6 8 3 10 4 14 
E2 16 18 7 24 12 36 
E3 16 12 6 40 16 56 

F1 8 11 4 13 6 19 
F2 16 20 6 20 14 34 
F3 21 25 6 35 18 53 

Mean 12.56 13.06 5.33 24.39 11.00 35.39



Figure V-1. Annual mean values of sediment physical-chemical characteristics at 
subtidal stations: a) organic carbon, b) carbonate carbon, c) water clarity, 
and d) change in sediment height.  
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APPENDIX VI - KELP



Table VI-1. Monthly sedimentation rates recorded at the upcoast and downcoast kelp 
bed stations during 1979 (g/m 2 /day).  

Stations 
Month Upcoast Downcoast 

January -
February 2282.6 697.5 
March 694.8 252.6 
April 700.8 345.5 
May 1209.5 257.3 
June 1119.1 237.7 
July 3276.6 272.6 
August 1095.8 287.0 
September 514.0 185.9 
October 215.7 164.2 
November 284.4 124.8 
December 657.7 173.7



Figure VI-1. San Mateo Macrocystis canopy from December 1978 through November 
1979, based on infrared aerial photographs.  
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Figure VI-2. San Onofre Macrocystis canopy from December 1978 through November 
1979, based on infrared aerial photographs.  
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Figure VI-3. Barn kelp Macrocystis canopy from December 1978 through November 
1979, based on infrared aerial photographs.  
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