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CHAPTER ONE -- NET MONITORING STUDIES

As part of our overall assessment of the potential impact of San Onofre
Nuclear Generating Station (SONGS) on the local fish fauna, we monitored the
distribution and abundance of select species of coastal pelagic ("midwater") and po
benthic soft-bottom ("benthigry\¥1shes. We assessed abundance based on net
samples. Midwater fishes were sampled by lampara seine, a type of semi-pursing
roundhaul net. Benthic fishes were sampled by 25-ft (7.6 m) otter trawl (a scaled-
down version of large, commercial drag nets), used in routine fisheries sampling
of bottom fishes. Nets provide catch data that are indices of abundance (CPUE, or
"catch-per-unit-of-effort"), not estimates of absolute density.

~ Midwater and benthic fishes were sampled as discrete tests of two different
predictions: the juvenile-adult stages of certain species (e.g.*\53332i1sh,
Seriphus politus) have been considered to be at particular risk to intake
entrapment at the SONGS offshore intake structures. Other fishes (including the
benthic adults of species that occur in midwater as juveniles and young adults)

\/'

have been considered potentially susceptible to changes in the sediment and
benthos (thair prey) that might result from organic input of the SONGS diffuser
plumes to the seabed farther offshore. The specific predictions tested were: (1)
the potential impact of intake entrainment is negative (i.e., leading to a local
decrease in midwater fishes); and (2) the potential impact of a changed seabed and
benthos on benthic fishes could be either positive or negative (i.e., leading
either to a local increase or a local decrease in benthic fishes).

As descriptive tests of these predictions, we monitored the distribution and
density of fishes near, and various distances from, the potential source of
impact, during a "preoperational" (baseline) period prior to an "operational"
period when both SONGS Units 2 and 3 were consistently pumping at full flow. For
the midwater fishes sampled by lampara seine, the baseline period was September ¥
1979-May 1982. This was followed by an "interim" period, during which sampling was

continued at reduced effort to maintain continuity. Operational samples were <
collected during April 1984-August 1986.
\

For the benthic fishes sampled by otter trawl, the baseline perjod extended

from May 1980-April 1982. After an an interim period of June 1982-April 1984, %

operational sampling began in May 1984 and continued until December 1986. ¥
D e -—
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We _monitored the density of midwater fishes with lampara seines fished near
X m distance of) the SONGS Unit 1 intake structure, at another station
2-3 km downcoast of Unit 1, and at a distant control station(:iéziiykm downcoast of
Unit 1. Midwater seine samples were taken at 11-16 m bottom depths (corresponding
to the SONGS diffusers) as well as at 5-10 m (intake structure depths). Sampling
at 11-16 m was done as a check on whether any decreases observed at intake depths
might instead reflect an offshore distributional shift.
lae Lo ailibin T

We used benthic trawls f} r the average, gzwﬁE;;;;-setting diffuseﬁdﬂz“c“"
p1umes((frd;if 1-km upcoast to 2-km yowncoas§>of_;he Unit 1 line) to monitor near-
SONGS changes, relative to a S{FET;, distant control station, 17-20-km downcoast
of Unit 1. Trawls were made at 18 m (just seaward of the diffusers) and at 30 m
(seaward of the plume).

We evaluated the magnitude and significance of potential declines (for
midwater fishes) and potential changes (benthic fishes) at an impact station
(relative to a control location) and between baseline and operational periods,
using A. Stewart-Oaten's "BACI" (Before-After, Control-Impact) sampling and
analysis design.

The relative magnitude of seine catches near versus away from SONGS often
changed in predicted fashion between baseline and operational periods. At a
prescribed alpha-level of 0.05 and at a power (1 minus beta) of 0.80,(11/223
statistically tractable test cases (at intake depths) were significant, and(9/1
of these were diggggggr&igggzﬁ_ggsljnes at the Near Impact Tocation relative to
either the Far Impact station or the distant Control location. At diffuser
depths, only 3/21 cases were significant at an alpha of 0.05. Another_ two cases
were significant at 0.10 > P > 0.05 (justified because the power of both cases was
< 0.80). Although the power of our t-tests was generally less for data collected
at diffuser depths than at intake depths, the results suggest that the near-SONGS
j&;ﬂjﬂgi were more prevalent at shallower depths, near the offshore intake

structures. Diffuser-depth declines were detectable for small queenfish only,

perhaps because entrapment effects on less vagile, younger fish are Tess diffused

by longshore movements -- the longsh of both juvenile queenfish and
white croaker declines was restricted to within 1/2-km distance of the SONGS Unit

-_\_\__’_—-ﬁ

1 intake. Declines_in adult male and female queenfish were detectable as far as 2-
3 km downcoast of Unit 1, however.

—//—%

]
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Several data provide strong circumstantial evidence that (1) local
depressions in juvenile queenfish are diffused throughout the Bight by fish )
movements, and (2) Jocal depressions in adults have resulted directly from >¥;
entrapment of adults. First, seine data indicate that queenfish, particularly

—_—

adults, make extensive longshore, as well as diel and seasonal onshore/offshore

movements. Second, there is good biochemical genetic evidence that queenfish lack
e ————— " g

population differentiation within the Bight, which is expected if stocks are well-

W./\.

mixed.

A1l significant declines near SONGS involved white croaker (Genyonemus
lineatus) and queenfish, two species heavily entrapped at the SONGS offshore
intake structufes. Small (juvenile) stages of both species in particular declined
disproportionately near SONGS during the operational period. Two other taxa that
were common and abundant in baseline seine samples, but entrapped at relatively
Tow levels at SONGS, did not decline to greater extent near SONGS.

ANOVA results gave no indication that declines in seine CPUE at intake depths
were the result of offshore distributional shifts.

The disproportionate declines in midwater fish CPUE near SONGS were large in
magnitude (generally > 60%). Most near-SONGS declines were absolutely large as
well (usually > 20 fish per seine-haul), despite the broadscale halving of fish
abundance throughout the San Onofre-Oceanside area in recent years. The latter
background decrease at all sampling locations during 1984-86 began in summer-fall
1982, coincident with the onset of the California EI Niho, and no doubt reflected

offshore emigrations and mortalities caused by the E1 Nino.

The proportion of significant test cases was less for baseline versus

operational period comparisons of impact-control relationships at benthic trawl
stations. When evaluated at a two-tailed alpha level of 0.05, we were able to
detect significant changes in trawl CPUE for only 4/16 tractable cases (involving
4 species). An additional 3 species-depth combinations (2 more species) were
significant at a two-~tailed alpha of.0.10. Of the 7 total changes, six were

increases; only one relative decline occurred at SONGS. The decline (54%) was for

speckled sanddab (Citharichthys stigmaeus) at 18-m depth. Four out of six
significant increases occurred at 30 m.

ES-3




ANOVA results gave little suggestion that significant changes in trawl CPUE
at depth were obscured by depth-distributional shifts. Other data demonstrate that
the diffuser- and plume-depth increases in the trawl catches of queenfish and
white croaker are not the simpie consequence of a seabed-directed shift in water
column distributions that might have occurred off SONGS. For each species, the
large adults that dominate trawl catches farther offshore represent a segment of
the stock that is different from the juveniles-small adults that predominate in
seine catches nearshore.

Most relative increases in trawl CPUE off SONGS were large (from > 200% to

> 600%). However, all but one case (white croaker, at 30 m) represent trivially
small absolute differences in ‘catches between SONGS and control locations. Large
percentage changes despite small absolute differences reflect the small sizes of
trawl catches during the operational period. During 1984-86, the .abundances of
benthic fishes were depressed to one-half or less of baseline averages throughout.
the general San Onofre-Oceanside area (as elsewhere in the Southern California
Bight), probably as a consequence of the 1982-84 E1 Nino.

The overall effect of SONGS entrapment on small fish nearshore and on SONGS
plume-induced enrichment of the seabed offshore can be evaluated for queenfish and
white croaker, the two species for which both positive and negative plant effects
are most evident. In terms of biomass, the two species show qualitatively

different overall effects: For white croaker, the disproportionate increase in

—

large adults near the seabed, beneath the SONGS plumes, has overwhelmed the

relative decrease in small croaker closer to shore, near the SONGS intakes. Our
gross estimate of the resulting surplus in white croaker is ~55 kg/ha. For
queenfish the opposite is true. The large relative declines in juveniles-small
adults near the intakes swamps the relative increase in large adults near the
seabed offshore. The estimated deficit in queenfish biomass is ~27 kg/ha.

CHAPTER TWO -- SONGS ENTRAPMENT STUDIES

"~ Also as part of our comprehensive assessment of the potential impact of SONGS
operations on fish stocks, we estimated the magnitude of SONGS Units 1, 2 and 3
intake entrapment of juvenile-adult fishes. Estimating mortality due to
entrapment at Units 2 and 3 required an assessment of the efficiency of the fish

ES-4




return system of the two new units. Because the observed local declines in
midwater fishes near the offshore intake structures are thought to have resulted
from intake entrapment (Chapter One), we evaluated whether the observed declines
can reasonably be attributed to intake entrapment. To do this, we compared the
average magnitude of queenfish entrapment, variously corrected (or not) for
operations of the Units 2 and 3 fish return system, with the estimated magnitude
of nearfield depression in the queenfish stock.

During the 39-mo period from May 1983 to August 1986, SONGS Units 1, 2, and 3
together entrapped, on average, an estimated 5.6 million juvenile-adult fishes,
weighing 40.7 metric tons (MT), every 12 months. (During this period, Unit 1
pumped at an a?erage 56% of full-flow, and Units 2 and 3 combined withdrew cooling
water at an average 76% of full flow.) Entrapment estimates are based on the
assumption that magnitude of entrapment is d%rect]y proportional to the number of
circulating pumps in operation at a unit (i.e., a linear function of volume flow).
This assumption was critically tested and accepted.

The fate and disposition of fishes entrapped at SONGS differs between Unit 1
and the two new units. This is because most fishes entrappped at Unit 1 are
impinged, whereas most are diverted at Units 2 and 3. Entrapment at Unit 1
represented only 9-10% of total fish biomass entrapped at SONGS during May 1983~
August 1986. About 10% (400 kg) of the average fish biomass entrapped at Unit 1
(3.8 MT/yr) accrued in the unit's screenwell between heat treatments; the
remainder impinged on traveling screens during normal flow operations.

Entrapment at Units 2 and 3 accounted for 90% (36.7 MT) of total annual
biomass entrapment at all SONGS units. About 8% (3.0 MT/yr) accrued in
screenwells between heat treatments and was killed during heat treatments.
Impingement and diversion during normal flow operations accounted for 92% (33.9
MT/yr) of all entrapment at the two new units. About one-fifth (7.2 MT/yr)
ihpinged on traveling screens; four-fifths (26.6 MT/yr) was diverted by the
louvered screens into forebays and periodically collected by lift-bucket and
discharged back offshore via the fish return system. (At all SONGS units, the fish
killed during heat treatments, and all those impinged on travelling screens during
normal flow operations, are carted off-site to be used as land fill.)
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Queenfish, northern anchovy (Engraulis mordax), plus six other species
represented over half of all fish biomass entrapped at Unit 1, and 70% of the total
at Units 2 and 3. Queenfish alone accounted for 21% of total biomass entrapped at
Unit 1 and 39% at the two new units. '

.

The magnitude of fish mortality at SONGS Units 2 and 3 is inversely
proportional to the efficiency of its fish return system (FRS). Efficiency of the
FRS depends on both the percentage of fish that are diverted (i.e., prevented from

impinging on traveling screens, once entrapped) and the percentage of successfully
diverted fish that survive.

On averagé about 79% of the total biomass of fishes entrapped at Units 2 and 3
was diverted. Percent diversion was about 77% for "small-bodied" fishes (< 30 g),
70% for "medium-sized" fishes (30-200 g), and 85% for "large-bodied" fishes (> 200
g). Queenfish and white croaker together represented 97% of total biomass of all
small fishes (less anchovy) diverted.

The survivorship of diverted fishes was estimated as a function of body size,
both in terms of mechanical damage and other physiological stress due to transport
per se and due to predation upon discharge back offshore. We evaluated the
effects of transport based on the results of a series of fie1d\trials conducted
off SONGS by Occidental College during October 1983-August 1985.

Based on the weighted average contribution of queenfish and white croaker to
diversion samples, average transport survivorship was about 66% (by numbers) for
all small-bodied fishes excluding northern anchovy. Analogous values were 100% for
medium-sized and large-bodied fishes. The transport survivorship of queenfish was
68% for fish of all sized pooled and was significantly less (63%) for small
compared to large (73%) queenfish.

Mortality due to predation upon discharge was also considered to be a
positive function of body size, because the probability of being eaten must
decrease with size for juvenile-adult fishes whose weights range from several
grams to several kilograms. We estimated predation survivorship for fishes of the
same three weight classes evaluated for transport'survivorship: we estimated that
about 75% of the healthy small fishes exiting the FRS discharge ports would avoid

being eaten at or near the discharges. Analogous estimates were 90% for medium-

ES-6




sized fishes and 99% for large-bodied fishes. We caution that these values are
subjective and bracket them with values + 50%.

Efficiency of the FRS can be conservatively estimated as the cross-product of
% diversion and % transport survivorship, ignoring (for simplicity) the impact of
predation upon discharge from the system. Doing this, and subdividing our
estimates into "small" fishes (as anchovy and all other small-bodied fishes) and
"large" fishes (as the sum of medium-sized and large-bodied fishes), we obtain the
following: The % efficiency for all small fishes is an estimated 70% (numbers)
and 55% (biomass). The % efficiency of all large fishes is somewhat better =-- 77%
(numbers) and 80% (biomass).

By multiplying the probabilities of transport survivorship and predation
survivorship, we were also able to provide gross, but comprehensive estimates of
the efficiency of-the FRS:

Pct efficiency = Pct diversion x Pct S

total’
= Pect S X Pct S

where Pct Stota] transport predation’

Using this procedure, our best estimates of FRS system efficiency were 38%
for small-bodied fishes, 63% for medium-sized fishes, and 84% for large-bodied
fishes. When Units 2 and 3 entrapment estimates are corrected for estimated
efficiency of the FRS, annualized losses of total fish biomass are reduced by
almost one-half (17.6 MT/36.9 MT). Although the're1at1ve1y poor efficiency for
small fishes is partly offset by the relatively good efficiency for large fishes,
the average efficiency for total fishes is influenced more strongly by the
biomass-dominant small fishes. Corrected for the most likely proportion saved by
FRS operations (40%), annual entrapment losses of queenfish during May 1983-August
1986 averaged about 9.1 MT for all three SONGS units, with the two new units
together accounting for 8.5 MT.

In conclusion, we evaluate whether the observed magnitude of entrapment of
small queenfish and white croaker (each at large apparent risk to entrapment) has
~been sufficient to explain the observed nearfield declines in the two species.
Conversely, we evaluate whether low SONGS entrapment levels might reasonably
explain the lack of observed nearfield declines for two other taxa, atherinids and

Pacific butterfish (Peprilus similllimus).
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Results support the two opposing predictions -- queenfish and croaker
entrapment has been sufficiently large to explain the observed nearfield declines,
while low levels of entrapment have been consistent with lack of declines in
. atherinids and butterfish. In particular, we estimate that, for small queenfish,
average immigration rates sufficient to replace daily entrapment losses once every
2 to 2-1/2 days would balance average entrapment at the three SONGS units
combined. This obtains if all small queenfish entrapped were killed. If FRS
system operations save about 38% of all small queenfish entrapped (our best
estimate for small queenfish), then immigration would need tc offset losses only
once every 3 to 4-1/2 days. We conclude that these reates of immigration are
reasonable, based on what we know about the movement patterns of queenfish.
Average entraphent levels for each of the other two species appear too low (both
absolutely and relatively) to expect any nearfield declines.

CHAPTER THREE -- SONGS-AREA KELP BED FISHES

As part of our overall assessment of the potential impact of San Onofre
Nuclear Generating Station (SONGS) on the local fish fauna, we monitored fish
stocks at San Onofre Kelp bed (SOK), a forest of giant kelp (Macrocystis pyrifera)
located about 2-3 km offshore of SONGS, and at San Mateo Kelp bed (SMK), another
cobble-bottom forest of giant kelp, about 5-6 km upcoast of SOK. We monitored the
fishes at SOK as a test of the prediction that habitat loss at SOK would result in
local declines in kelp bed fishes. This predict{on is based on the following
argument: (1) SONGS Units 2 and 3 operations, by secondarily entraining and
discharging turbid bottom water out over SOK, would preciude the natural reseeding
of Macrocystis sporophytes necessary to offset the continued mortality of adult
plants. (2) Continued attrition of adult plants without juvenile recruitment would
produce a net decrease in kelp density in the upcoast region of SOK. (3) Fish
density is positively related to the density of kelp at SOK.

We estimated fish densities by direct (diver) observation on belt transects
of fixed (bottom) or variable (water column) dimensions. Changes in densities at
SOK and SMK were evaluated using a "BACI" (Before-After, Control-Impact) sampling
and analysis design, in which we compared the density of each of 15 major fish taxa
between a SONGS Units 2 and 3 baseline ("preoperational”) period of fall 1980-81
and a SONGS "operational" period of fall 1985-86. We compared fish densities
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between two pairs of locations: (1) an offshore, upcoast impact station at SOK
(SOKU) and an offshore station at SMK (our "between SOK-SMK" comparison); and (2)
an inshore, upcoast station at SOK and a station in downcoast SOK (SOKD; our
"within-SOK" comparison).
~ 19
Carparda e | v o5 oF WL ..
Fish densities in general were one-third to three-fourths lower during the

——

SONGS operational period, even though many species increased between 1985 and 7

[ 1986. In addition, the relative densities of fishes at impact and control
L P

stations changed for many species between baseline and operational periods.

"~ Relative densities changed for 40% of all species and life stages tested,
including both SOK-SMK and SOKU-SOKD comparisons. Half of the 14 SOK-SMK changes
ﬁiﬁg>re1ative increases at SOK. However, 13/14 of the SOKU-SOKD changes were

—

| relative decreases at SOKU. The relative increases at SOK (versus SMK) averaged
> 1000%; while the relative decreases averaged'> 90%. For the within=S0K
comparisons, the relative decreases at SOKU averaged about 90%.

We also characterized the relationship between fish density and kelp density
at SOK during fall 1985 and 1986. Our purpose was to foﬁma]]y describe the
presumed mechanism for SONGS' impact on the fishes at SOK. Specifically, positive
fish-kelp density relations would support a mechanism for impact on fishes through

‘ kelp habitat loss at SOK, but neutral or negative relations would not.

We observed positive relations between fisﬁ density and kelp density for
‘ 37/43 species and life stages tested. In addition, several other seabed variables

‘ (notably the subcanopy kelps Pterygophora and Cystoseira) influenced fish
distributions, but were much less important than giant kelp. Inexplicable
"location" effects (representing unmeasured, nonrandom variation in fish density)

‘ were significant in less than one-fifth of all cases. We conclude that the
observed numerical relationships between fish and Macrocystis at SOK were
sufficient to explain many of the observed changes in the relative densities of
fishes within the upcoast and downcoast regions of SOK.

We further used our estimates of fish densities to estimate the abundance of
fishes at SOK during the fall periods of 1985 and 1986. We did this to provide the
MRC with an actual measure of the amount of fish involved when discussing observed
changes in fish densities. Abundances were estimated by multiplying mean fish
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densities, within regions of defined kelp density, by.the area1(extent of the
i particular region of kelp density. Areal extents were based on ECOsystem
Management Associates, Inc.'s downlooking sonar data on kelp distributions. We
l also estimated the biomass abundance of fishes at SOK. This was accomplished by
multiplying mean numerical abundance by the mean body weight of each respective
| life stage and species. We estimated body weights by applying length-weight
‘ formulae to the length-frequency distributions of fishes. The latter were
characterized from tallies made on free swims that complemented our density
! transects.

i An-estimated 18 metric tons (MT) of fishes were present in 113 hectares (ha)
(ha) of ke]p-ﬁobb]e habitat at SOK in fall 1985. Over 17 MT were resident

! (nontransient) fishes. In fall 1986, an estimated 39 MT of fishes (35 MT
residents) were present in 88 ha of kelp-cobble at SOK. Thus the average biomass

; density of resident fishes was about 2.5 times greater throughout SOK in fall 1986
(400 kg/ha) than in fall 1985 (150 kg/ha). The density and abundance of

| - Macrocystis meanwhile had_decreased by half throughout SOK between fall 1985 and

» fall 1986 (from 6 to 3 plants/100 m2 density and from 70,000 to 32,000 adult
plants), partiy as a result of storm disturbance in winter 1985-86.

The general increases in fish abundance, coupled with the declines in kelp
i that occurred between fall 1985 and fall 1986, indicate that factors besides giant
kelp were importantly influencing the fishes at SOK during this period. Although

I Macrocystis density positively influenced fish denéity within SOK, larger spatial
and longer temporal scale factors were also exerting a strong influence on fish
abundances. Variable recruitment or year-class effects, lagged 1-3 years, are the

f NJ;WVEPSt likely factors influencing fish population fluctuation on regional and

bightwide spatial scales. Recruitment effects are lagged several years at SOK

-

because (1) year-classes are established during larval and early juvenile stages

Regional/bightwide influences notwithstanding, we feel that it is reasonable U);@)i

q
| (PQ”' —— _ , kid s
and (2) because the older-juvenile, subadult, and adult fishes that dominate at LS
' :;Q _ SOK are the survivors of fish that recruited to shallower, rocky/vegetated TF mhs
habitats in prior years and that subsequently immigrated to SOK. s deg
) "‘\__/\_/ . o HA-""’ \}-‘V
[ M NGA D

to evaluate the Tocal (within-SOK) impact of SONGS Units 2 and 3 operations on
[( kelp and fish, as long as large-scale levels of population abundance are kept in

mind. We argue as follows: If SONGS gperations have caused a three-fourths w 7
e ———— '
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reduction in ke] d fish within the inshore, upcoast quadrant of SOK, we reckon
tﬁEE'?E?;—;;ETQ/i;tE;BEEE’;;;;;ZFZERT?E;?rTBEE‘of ~3.3 MT of resident fishes at SOK
in fall 1985. (The 3.3 MT value is based on our 18 MT estimate of resident fish
biomass at SOK in 1985.) The equivalent loss in fall 1986 would have been ~6.6 MT
- (based on our 35 MT estimate of resident fish biomass in 1986). We caution that
these values may not represent SONGS' average effect. Rigorous estimates of the

average local loss of fish, resulting from loss of kelp habitat within SOK, would
require knowledge of bightwide levels of fish abundance for an extensive series of
years. Rigorous estimates would also require more specific data than is presently
available on the average percentage reduction and areal extent of kelp Toss at SOK
that is attributable to SONGS operations alone.

CHAPTER FOUR -- PENDLETON ARTIFICIAL REEF FISHES

As a complementary assessment of the mitigative potential of Pendleton
Artificial Reef (PAR), we estimated the density and abundance of fishes at PAR
during the fall periods of 1985 and 1986. It has been suggested that the fishes
produced by PAR-1like habitat might offset fish losses resulting from SONGS impact
on kelp bed habitat (and its fishes) at SOK.

We estimated fish densities at PAR using two complementary types of diver
surveys. Total juvenile, subadult, and adult fishes were enumerated on three
replicate "JUV-AD" surveys, completed at fortnigﬁt1y to monthly intervals during
each fall season. Young-of-year (YOY) and "older juvenile" substages were
surveyed on "JUVENILE" surveys that were completed during the same week as the
"JUV-AD" surveys. Both types of surveys were patterned after the bottom transects
done for the kelp bed fish study, except that divers more .carefully searched
narrower bands of habitat on the "JUVENILE" surveys. Abundances were calculated
by multiplying estimates of mean density by areal extents of the relevant strata
(microhabitats) at PAR. The latter were determined from ECOM's down]ooking sonar
charts of PAR bathymetry.

We estimate that about 11,000 juvenile-adult fishes weighing about 660 kg
were present on rock plus fringing sand-rock ecotone regions of the PAR modules
during October-December 1985. In fall 1986, an estimated 16,000 fishes weighing
650 kg were present on rock, e;otone, and adjacent sand regions that we feel best
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characterize PAR's addition to the fish stocks on the local sand plain. Adjusting
our fall 1985 rock-ecotone estimates for the fraction of fishes present (during
fall 1986) in adjacent sand and in extralimital regions of modules that were not
sampled in 1985, we estimate that PAR contributed about 945 kg to local juvenile-
adult fish stocks in fall 1985. Our best estimates of standing stock biomass in
the two fall seasons thus were equivalent to biomass densities of about 555 kg/ha

s
(in 1985) and 380 kg/ha (1986). Nonresident fishes contributed only 0-5% to these
biomass estimates. N (,v(“} olid Sl s u~v. f,,,“_ ¢ h$y "{ I M,,,:’

More accurate estimates of YOY and older juvenile densities and abundances

- were possible using the data of our "JUVENILE" surveys. We estimate that there

were over 80,000 juvenile fishes present at PAR in fall 1985, and that 93% of these
were blacksmith (Chromis punctipinnis). About 98% of the blacksmith were YOY;

conversely, about two-thirds of the juveniles of all other species were older

Juveniles. In fall 1986, we estimate that there were about 38,000 juvenile fishes
present. About 85% were blacksmith. As in the previous fall, most blacksmith

(94%) were YOY, while three~fourths of all other species were older juveniles.

Our estimates of juvenile-adult biomass and the numbers of YOY-older juvenile
fishes together allow realistic (although gross) estimates of fish standing stock
and production at PAR in fall 1985-86. Fish production at PAR must be recognized
as having two distinct components: local (i.e., produced at and remaining near
PAR) and diffuse. We therefore estimated production for the more vagile, older
Juvenile, subadult, and adult fishes separately frbm parochial YOY fishes.

Because we can only guess what fraction of later stage production at PAR
remains local, we bracketed our est1mates as 25%, 50%, or 75% of total production.
Total production was estimated as 40% of standing stock biomass, based on
representative production-to-biomass ratios for several local sport-commercial
fishes. Using this approach, we estimated that the local production of older
juvenile through adult life stages was 25-75% of 380 kg (in 1985) and 25-75% of 260
kg (in 1986). These estimates assumed that our fall estimates were typical of
average standing stocks in the respective year.

We estimate that the production of YOY fishes at PAR, although mostly if not
entirely local, was relatively insubstantial because of low YOY standing stock
biomass. Assuming a 1:1 production:biomass ratio for these fast-growing fishes,
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an estimated 150 kg of YOY were produced at PAR in 1985. Blacksmith comprised all
but an estimated 4 kg. In 1986, we estimate that PAR produced 67 kg of YOY. Al
but 3 kg of this was blacksmith.

Based on our and R. Ambrose's Mitigation Program studies, we conclude that
the sum of local and diffuse fish production at PAR, 5-6 years following
construction, was representative of submerged artificial reefs (of l-ha area) in
the Bight. YOY fishes constituted a Tow (blacksmith) to trivial (all other
species) fraction of total production, however. An indefinite but large fraction .
of the production of later life stages was diffused beyond PAR. The likely )

———

"diffuseness" of fish production at PAR is an important consideration, though,
only if fish production at SOK, PAR's litmus paper, is sighificant]y more local
than at PAR. No data exist on this, although the observed shifts in fish
distribution among kelp stands at SOK suggest that fish production is unlikely to
be relatively localized at.SOK.

1

Despite the caveats about local production, we feel that the fishes at PAR

| can be meaningfully compared with those at SOK in terms of standing stock biomass.
We- summarize our gross evaluation as follows: Even if one unrealistically assumes
that the entire sand plain encompassing PAR (3.4 ha) is enhanced habitat, this
would represent only ~15% of the area within the upcoast, inshore fourth of SOK
(~25 ha) in which Macrocystis might have been impacted by the SONGS diffuser
plume. If transformation of kelp forest to kelpless cobble habitat off San Onofre

{ has resulted in a three-fourths reduction in fish densities in the upcoast,

inshore quadrant of SOK, PAR would mitigate the equivalent of one-third (in 1985)
or 10% (in 1986) of the Toss at SOK. The unknown relationship between fish density
and reef size makes it impossible to estimate the exact multiple of PAR-Tike
habitat that would be necessary to mitigate or compensate for SONGS' impact on
kelp and fishes at SOK, however.

W
22
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CHAPTER ONE :
FINAL ANALYSES OF SONGS' LOCAL IMPACT ON FISHES
/ BASED ON NET MONITORING SAMPLES

1.1 INTRODUCTION
1.1.1 SONGS Operations and Mechanisms of Local Impact
1.1.1.1 Intake Entrainment

San Onofre Nuclear Generating Station (SONGS), a nuclear power plant located on

. the exposed outer coast of northern San Diego County, California, between the cities

of Oceanside and San Clemente (Fig. 1), uses sea water for plant cooling. The
intakes of the once-through éoo11ng systems of SONGS Units 1, 2, and 3 consist of
three "offshore intake structures" situated at mid-depths (4 to 5 m below the sea
surface) along the 9-m isobath, ~ 1 km offshore of the beach at San Onofre (Fig. 2).
The Unit 2 intake is located ~ 200 m downcoast of the Unit 1 intake, and the Unit 3
intake ~ 200 m downcoast of the Unit 2 intake (Fig. 2). At full plant operation,
Units 1, 2, and 3 together pump a total of nearly 11 million m3 of water per day
(2.85 billion gallons/day).

Large numbers of the egg, larval, and juvenile-adult stages of fishes are
entrained with SONGS' cooling waters (Chapter Two) from within an approximately 1/2-
km stretch of coastline. SONGS' operations thus might Tocally reduce the densities
of susceptible life stages (e.g., juveniles) and fish species (queenfish, Seriphus
politus) whose behavior places them at particular risk to entrainment at inner-
nearshore, midwater intake structures in the San Onofre area (DeMartini and Larson
1980a,b).
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1.1.1.2 Discharge Operations

The discharge systems of SONGS Units 2 and 3 differ from that of Unit 1. Unit 1
has a midwater (~ 4-m depth), single-point discharge located about 200 m inshore of
the Unit 1 intake (Fig. 2). The Unit 1 discharge outfall has a relatively small,
usually offshore-directed surface plume (Reitzel 1979). Units 2 and 3 each have
their own "diffuser" system, designed to discharge cooling waters back over an area
sufficiently large to avoid > 4°F temperature rises in waters within 1000 ft of the
outfalls. Each diffuser system consists of 63 ports that exit a primary subseabed
discharge conduit at ~ 12-m intervals. Conduits extend approximately offshore of
the units (Fig. 2). Ports are 4 ft in diaﬁeter, discharge at ~ 2 m above bottom, and
are angled upwards 20 degrees and offshore to promote mixing with bottom waters (by
secondary entrainment) and diffusion with waters farther offshore. The Unit 2
system begins in ~ 13 m of water and extends offshore 2.6 km to end in ~ 15 m of
water. The Unit 3 system extends 1.9 km from ~ 10-m to
~12-m bottom depths (MRC 1979; Reitzel 1979; Fig. 2).

The discharge effluents of all SONGS units contain particulate organic
materials, whose sources include the remains of entrained planktonic and free-
swimming organisms and the tissues of biofoulers that line discharge conduit walls.
It has been predicted that organisms discharged by the plumes might contribute to
localized changes in sediment particle size and sediment organics and thus to
changes in benthos composition and the local distribution and abundance of some
fishes that feed upon the altered benthos (DeMartini and Larson 1980a,b; DeMartini
et al. 1983a,b). The diffusion model upon which these initial predictions were
based has been disputed because empirical data on the effective quantity and size-
distribution of diffuser particulates, and their fate once reaching the seabed, is
lacking. Nonetheless, evaluations of SONGS operational-phase increases in local
sediment organics (Barnett, Watts, and White 1986), and preliminary analyses of
recent local changes in the abundances of certain benthic invertebrates (Barnett et
al. 1986) and benthic fishes (most recently reviewed by DeMartini et al. 1986), have
all been consistent with this impact hypothesis.

SONGS diffuser plumes also have been implicated in another type of local
habitat alteration-=-a reduction in the amount of giant kelp (Macrocystis) at the San
Onofre Kelp bed (SOK). It has been predicted that the operations of the SONGS Units
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2 and 3 intakes and diffusers, by entraining turbid, epibenthic waters near shore
and discharging these waters nearer the surface and farther offshore, will decrease
illumination near the seabed within SOK (Dean et al. 1983). These lower light
Tevels will, over time, preclude natural reseeding of young kelp sporophytes during
the brief clear-water recruitment “windows" that occur at sporadic intervals (Dean
et al. 1983). Our final evaluation of SONGS' potential impact on the fishes
inhabiting SOK is presented in Chapter Three.

1.1.2 Sampling to Detect Local Impacts
Potential Tocal SONGS impacts resulting from (1) entrainment of the juveniles
of midwater fishes and (2) changes in benthic fish stocks beneath and offshore of

SONGS' diffuser plumes lend themselves to two techniques of abundance estimation:

(1) Declines in the local abundance of nearshore pelagic (midwater) fishes can

be indexed using the catch data of lampara seines. The lampara seine is a

type of encircling net that entraps fishes between the sea surface and
seabed within a prescribed area (Methods Section 1.2.1.1; also see
Appendix A, part 1). When the nets are deployed'proper1y, nighttime
seine-hauls off San Onofre provide acceptably accurate and precise
indices of abundance for several taxa of fishes (Allen and DeMartini
1983).

(2) Changes in the local abundances of fishes occurring near the seabed
beneath/offshore of SONGS' diffuser plumes can be monitored by the catch
data of otter trawls. The otter trawl is a type of drag net that is pulled
along the seabed from the stern of a motor vessel (Methods Section
1.2.3.1; also Appendix A, part 2). Otter trawls yield acceptablic iidices
of abundance for benthic fishes at shallow-shelf depths (Mearns and Alien
1978). Nighttime trawls near San Onofre provide highly repeatable
measures of abundance for many species of fish (DeMartini and Allen 1984).
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1.1.3 Review of Net-Monitoring Studies Near SONGS

Several agencies have contributed to diverse net-monitoring studies near
SONGS. Studies have varied greatly in temporal and spatial scope. The first major
series of studies began in the mid to late seventies with the advent of the
Californiaz Coastal Commission's mandate to assess Unit 1's effects. Brief reviews
of these and subsequent studies follow.

Southern California Edison (SCE) contractors initiated seasonal gill-net
surveys in the general San Onofre area in March 1975. These surveys prdvided
species lists of inner-nearshore, midwater, and epibenthic fishes near SONGS.
Surveys became bimonthly in March 1978. Routine gill-net surveys ended in 1981;
summary data are provided by Southern California Edison (SCE 1982). MRC-contracted
studies began in 1976-77 when Tetratech Inc. used bag seines to sample surf-zone
fishes. Additional sampling of midwater fishes at distances to ~ 4 km offshore (20-
m isobath) was also performed by Tetratech (1977a,b). The latter lampara data
mainly complemented the previous and ongoing gill-net lists and provided some basis
for the design of future MRC studies.

Assessment of Unit 1's effects continued in 1978 with the initiation of
quantitative net monitoring by the MRC's University of California, Santa Barbara
(UCSB) contractor. Lampara seine surveys conducted during 1978-79 were used to
evaluate the feasibility of a queenfish mark-recapture study and the feasibility of
using lampara seines to monitor the composition and abundance of midwater fishes
(ﬁarticu]ar]y queenfish) at 5- to > 25-m bottom depths, near and at varying
distances from the SONGS Unit 1 offshore-intake structure. Mark-recapture studies
of queenfish were found unfeasible. However, the lampara seine used was judged to
be an efficient sampler of gqueenfish and other common midwater fishes. Few Unit 1
effects were large enough to be statistically significant, but it was'predicted that
the entrapment magnitude of the two new SONGS units combined might generate a
detectable (> 50%) nearfield abundance depression for queenfish, the species at
greatest apparent risk (DeMartini and Larson'1980a,b). Early lampara catches also
provided otolith (earstone) and ovary samples for queenfish age/growth and fecundity
analyses; these data contributed to the population turnover estimates used in
evaluating Unit 1's effects (DeMartini and Larson 1980b).
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An amended design using lampara seines was thereafter used to construct the
SONGS Units 2 and 3 abundance baseline for queenfish and other common midwater
fishes; these studies began in September 1979 (DeMartini et al. 198la, 1983a,b).
During the early eighties, seine and trawl catches also were used to provide food
habits data for two common and economically important fishes of the San Onofre
area--California halibut (Paralichthys californicus) and barred sand bass
(Paralabrax nebulifer). The results of these studies, although not useful for
evaluating SONGS (DeMartini et al. 1982d,e), provided some complementary data
(Plummer et al. 1983; Roberts et al. 1984). Seine and traw] catches also provided
sample fish of several other species for other, also uneventful food habits analyses
(Gleye and Bernstein 1981).

Other early (1978-79) UCSB net operations (surf-zone sampling with bag seines)
were conducted in order to test the feasibility of abundance monitoring and of a
mark-recapture study of the local movements of another heavily entrapped species,

the walleye surfperch (Hyperprosopon argenteum). Seining also provided surfperch

. samples for age/growth and fecundity analyses. Surf-zone monitoring with bag seines

was judged unquantitative, and mark-recapture impractical. Growth and reproductive

parameters were, however, estimable for walleye surfperch (DeMartini, Moore, and
Plummer 1983).

Quantitative, SCE-contracted net monitoring off SONGS began with Lockheed's
otter-trawl surveys-in March 1978. The Lockheed surveys continued through 1981,
‘when they were replaced with the expanded (bightwide) trawl surveys of a second SCE
contractor (Occidental College). Occidental College's bightwide surveys
(summarized for 1982-84 by Love et al. 1986) continued through 1986. The 1978-79
Lockheed surveys (SCE 1979) provide the first baseline distribution and abundance
data for near-seabed fish stocks at 6~, 12~ and 18-m bottom depths off SONGS
(reviewed in SCE 1982).

MRC-contracted monitoring of benthic fishes began with the pilot January-April
1980 trawl surveys of the UCSB contractor. The design of the latter surveys was
refined, and the surveys were continued to provide the SONGS Units 2 and 3 abundance
baseline for benthic fishes (DeMartini et al. 1983a,b). '
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1.1.4 Objectives
Chapter One has three main objectives.

First, we complete our comparisens of baseline versus operational-phase fish
abundances at nearfield and farfield (control) locations. We use the statistical
analyses of seine and trawl catches as the major basis of our impact evaluation for
select species of midwater and benthic fishes, respectively. Our goals have been
(1) to determine whether SONGS Units 2 and 3 entrapment has caused a "local" ;
reduction (near the SONGS intakes) in the abundance of target midwater taxa; and (2)
to determine whether Units 2 and 3 discharge operations have caused local changes in
the abundance of benthic fishes near the seabed under the plume. The basis for (1)
would be a relative decrease in catches of midwater fishes at sampling stations near
the intakes compared to a control station, between baseline and Units 2 and 3
operatioha] periods (Appendix A, part 1). The basis for (2) would be an analogous
change in catches of benthic fishes near the seabed offshore of the SONGS diffusers

~. (Appendix A, part 2).

Second, we provide our final, supplementary evaluations of time-series catch
and size-frequency data for these fishes. We use these data to describe biological
patterns of temporal and spatial distribution. These patterns help interpret impact\
test results and also help delimit the spatial scale of impacts.

Third, we generally discuss ouf net-monitoring results in terms of known or
suspected mechanisms of impact. We defer to Chapter Two a more detailed discussion
of SONGS entrapment as the mechanism behind near-SONGS intake declines in juvenile
midwater fishes. Evaluation of the mechanisms eliciting local-changes in benthic
fishes is based on Marine Ecological Consultants' (MEC's) Final Report on benthic,
soft-bottom invertebrates (Barnett 1987). MEC's findings are used to interpret
patterns of abundance for benthic species and for the life stages (large adults) of
several species (queenfish and white croaker) that occur near the seabed (DeMartini
and Allen 1984). (The juvenile-small adult stages of queenfish and croaker are
distributed throughout the water column: Allen and DeMartini 1983; DeMartini, Allen,
Fountain and Roberts 1985.)
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1.2 SAMPLING AND ANALYSIS METHODS
1.2.1 Lampara Seine: Gear and Study Design
1.2.1.1 Sampling Gear

A lampara seine is a typé of semipursing, round haul net commonly used in the
southern California live-bait fishery (Scofield 1951). Lampara seines can provide
the most accurate data on the species and size composition of juvenile-adult fish at
primary risk to entrapment at midwater intake structures (Thomas et al. 1979;
DeMartini et al. 1983a,b). A seine of constant dimensions, fished in consistent
fashion, was used to monitor the abundances of midwater (coastal-pelagic) fishes in
the San Onofre area from the beginning of Units 2 and 3 baseline monitoring (in
September 1979) through the completion of opérationa]—phase monitoring in August
1986. The seine fished from surface to seabed at depths < 20 m; the fish commonly

sampled thus included epibenthic (e.g., large, adult white croaker Genyonemus

lineatus) as well as midwater life stages (juvenile white croaker) and truly pelagic

species (e.g., Pacific butterfish, Peprilus simillimus). Details of net design and
fishing protocols are described in Appendix A, part 1.

1.2.1.2 Sampling Design

Sampling design was fixed to conform to the BACI (Before-After, Impact-Control)
pairs analysis design (Fig. 3; Stewart-Oaten 1986; Stewart-Oaten et al. 1986).
Within each of the two periods (baseline or "Before", operational or "After") being
compared, samples were replicated over sing]e-night cruises. Baseline
(preoperational) and operational monitoring periods were defined on the basis of
pumping history at Units 2 and 3. See Appendix A, part 1 for further details and
Table 1 therein for a 1ist of sampling dates. (Note that samples were collected at
reduced effort during an intervening "interim" period of SONGS' partial operation
but that these samples were not used for impact tests. Interim samples provided
continuity between baseline and operational periods.) On each date, a single seine-
haul was made within each of two depth blocks at each of three longshore locations
(six samples: Appendix A, Fig. 1). A shallow depth block (S: 5-10 m) included the
depth of the SONGS offshore intake structures (8-9 m); A mid-depth block (M: 11-16
m) centered on the average depth of the Units 2 and 3 diffuser lines (~ 13 m). On
each date, the positions of seine-hauls were selected randomly from within each 1-km
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x 1-km depth block (Appendix A, Fig. 1). The three longshore locations were chosen
to represent (1) the SONGS nearfield region of most likely potential impact (the

"Near Impact" location, NI: < 1/2 km of the Unit 1 intake), (2) a near control or

"Far Impact" location (FI: 2-3 km downcoast of the Unit 1 1ine), and (3) a distant
“Control" location (C: 18-19 km downcoast of Unit 1, off Stuart Mesa) (Appendix A,
Fig. 1).

A1l samples used in BACI analyses were collected at night in order to minimize
visual net avoidance and reduce sampling error (DeMartini et al. 1983a,b; Allen and
DeMartini 1983).

Sample size (number of dates) was chosen based on the results of power tests
(Cohen 1977) of baseline data. Standard deviations of baseline deltas (see Analysis
Methods, Section 1.2.2.2) were used to estimate the total (baseline plus
operational) sample size necessary to detect a > 50% decline in net catch per unit of
effort (CPUE). Sample size was calculated for a power (1 minus beta; i.e., 1 minus
-the probability of a Type II error) of > 0.80, at one-tailed alphas (probabilities
of Type I error) of 0.05 and 0.10 (Cohen 1977). Sample size estimates assumed that
the standard deviations of operational-period and baseline deltas would be
equivalent (Cohen 1977). Estimates were evaluated for log 10 (X+1) data (Section
1.2.2.2). Sample sizes were chosen based on results for queenfish of all sizes and
sexes pooled (DeMartini et al. 1983a,b). ‘

1.2.2 Lampara Seine: Data and Analysis Methods
1.2.2.1 Types of Data

Seine catches provided information on catch per unit of effort (CPUE), & type
of relative abundanﬁe data used in fisheries research. The unit of effort in this
case was a seine-haul of standard surface area (and constant average volume, within
a given depth block). Numerical CPUE was recorded for all species, and biomass CPUE
was determined for white croaker and queenfish (Seriphus politus). Sex/maturity

plus length-frequency data (standard length, SL, in mm) for queenfish were used to
further subdivide CPUE of this target species. Queenfish were examined by size and

sex because fish of the various sizes and sexes appear differentially susceptible to

entrapment due to differences in diel behavior and water-column distribution
(DeMartini, Allen, Fountain and Roberts 1985; for details, see Appendix A, part 1).
Other details of data collection are described in Appendix A, part 1.

1-8




S

-

-......q.,.,‘l e

. BACI Tests. Numerical CPUE data war

CPUE (numbers), being less variable than biomass CPUE (Allen and DeMartini
1983), provided the basis for impact analyses,

common and abundant in baseline samples to war
white croaker, Pacific butterfish, and the "

Four major taxa were sufficiently
rant impact analyses: queenfish,
silversides" complex of three species--

Jacksmelt (Atherinopsis ca]iforniensis), topsmelt (Atherinops affinis), and grunion

(Leuresthes tenuis) (DeMartini et al. 1983a,b). (Silversides were pooled because
resolution to species aboard ship was too time co

nsuming and because other time and
cost limitations precluded laboratory examination.)

Although northern anchovy (Engraulis mordax) dominated seine catches,

we have
not included this species

in our impact analysis because (1) the extreme
variability, hence very Jow power,

exclusion,

of its baseline catches prompted a priori

and (2) because subsequent analyses by J. Kastandiek and K. Parker of the
MRC have confirmed our initial observations and have n

nontrivial ( > 50%) nominal declines or changes.

ot been able to detect

Appendix C lists abundance and frequency occurrence data for all seine-caught

fishes. For a1l species referred to in this report, we us

e the scientific and common
names of Robins et al.

(1980). After Cross-referencing scientific names when first
mentioned, we subsequently refer to alj fishes by common name.

Biomass data for queenfish and white croaker are used

in analyses that
complement our BAC] tests for SONGS impact. '

1.2.2.2 Analysis Methods

e compared between longshore tocations on a
the BACI (Before-After, Control-Impact) pairs
design of Stewart-QOaten (1986; Stewart-Oaten et al. 1986).

assumption that a multiplicative model of natural population

date-by-date basis accerding to

We made the a priorj

fluctuation and power-

plant impact was appropriate (see McKenzie et al. 1977; Skalski and McKenzie 1982);
i.e.,

b

AI =k o Ac

where AI = abundance at the Impact Tocation,
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abundance at the Control location, and

>
1]

a natural constant of proportionality.

In other words, a constant fraction of a population (in this case, fish stock) is
subject to impact, whereas the actual numbers impacted depend on stock abundance.
Such a model has the highly desirable property of being log-=linear. That is, the
effects of power-plant impact and natural changes (seasonal effects, etc.) are
additive when the abundance data are transformed to logarithms, as

log AI = log k + log AC

We also evaluated a linear model based on untransformed catch data. We
evaluated raw data as the most straightforward alternative to the logarithmic
transformation. (In no case, however, was raw data, if acceptable, more suitable
than logarithms.) More complex data manipulations (e.g., an inverse transformation:
the number of seiné-hau]é per \individuaT fish caught) were not considered
meaningful.

The "delta" (difference) of log-catches thus was used as our analysis variable.
And the "delta-bar" (mean difference) served as our test variable for comparison of
the average abundance, at Impact relative to Control location, between baseline and
operational periods. By convention, base-10 logarithms were used, and deltas were
expressed as "Impact minus Control" (i.e., NI - C, FI - C, NI - FI). Final impact
analyses were based on Student's t-tests of the Before versus After deltas, with
degrees of freedom adjusted for unequal variances (Satterthwaite 1946), as
necessary. T-tests were evaluated at a one-tailed alpha of either 0.05 or 0.10,
depending on power. (If power was > 0.80, an alpha of 0.05 was used, i{ power va:-
< 0.8C, an alpha of 0.10 was cornsidered sufficient to reject the nuli hyprthesis o7
no decline.) A one-tailed test was used in all cases because our a priori prediction
was that SONGS' entrapment would generate a local decline in fish numbers, if SONGS

operations were having an effect on midwater fishes.

The magnitude of significant baseline versus operational percentage changes in
abundance near SONGS was estimated using J. Callahan's algorithm for the log-linear
(multiplicative) model (Appendix A, part 3). Simple fractional changes (between
periods) in raw catch data were also calculated at a given location as a further
basis for comparison. . B

1-10




Statistical Assumptions. Deltas were subjected to several major screening tests
prior to BACI t-tests. The critical assumptions tested were (1) additivity and (2)
monotone trend of the baseline deltas. Autocorrelation of both baseline and
operational-period deltas was evaluated as a compiementary exercise. All screening
tests were evaluated at a significance level of 0.05.

Although the area sampled by seine was chosen in part to minimize the
probability of zero catches, zero catches sometimes occurred for one or both of a
pair of matched seine-hauls. Dates on which no fish were caught at either location
(double zeroes) were excluded from analysis on the bases that these data represented
real co-absences and that SONGS could not further affect local abundances for dates

on which no organisms occurred anywhere in the general sampling region (Stewart-
Qaten 1986).

Dates on which fish were caught at only one of the two locations (single
zeroes) were retained in analyses. Inclusion of single-zero catches, however,
necessitated the adding of an constant so as to avoid the undefined logarithm of

zero. Thus, the data transformation evaluated for, and used in, impact analysis
was:

Y = log 10 (X+c) ,

where X = raw CPUE, and

constant.

c

Constants were chosen independently for each species, depth block, and location-
pair. A range of increments from 0.03125 ({0.5}5, where 1 is the smallest possible
positive caich of one fish in a single haul) to 10 (ten times the smallest possible
catch) were evaluated. Choice of increment was based on the results of an
evaluation of the additivity of baseline deltas. As above, the deltas here
evaluated were differences between log 10 (catch + constant) at Impact and Control
locations. Additivity was tested by least squares regression of the deltas of log-
catches (as dependent variable) on the sum of the log-catches at Impact and Control
(Stewart-Oaten 1986). Only constants < 25% of the smallest of the four location-
period means (raw catch data) were considered. If more than one increment value was
additive, the smallest increment tested (i.e., that value that usually pgrturbed the
raw catch data the least) was chosen. .
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Most cases of nonadditivity were considered serious violations of the
assumption. However, nonadditivity of baseline deltas was not considered a
meaningful assumption violation if a “large" percentage of the deltas were based on
single-zero observations (Stewart-Oaten 1986). Values > 25% were considered
unacceptably large. For these special cases of potentially spurious nonadditivity,
the data were re-evaluated using a binomial test (Siegel 1956). The one-tailed
binomial test that was used evaluated the relative frequency at which catches were
smaller at the impact station during the After versus Before periods. (Additivity
was not an assumption of the binomial test.)

Additive baseline deltas were further evaluated for trend. Presence of a trend
in baseline deltas would indicate a varyihg proportionality between abundances at
Impact and Control locations tantamount to having chosen an inadequate contro]
location. Preimpact trend was evaluated by least squares regression of baseline
deltas (as dependent variable) on sampling date. Linear regression was used to test
for the simplest (monotone) type of trend (Stewart-Oaten 1986). A1l cases of trend
~.violation were further evaluated for the potentially overwhelming effect of one to
several "influence points". Influence points were identifiéd as those outliers among
the residuals that strongly influenced values of the regression coefficients. Our a
priori protocol was that, if significant trend could be attributed to only one or
two data points, we would subsequently perform the t-test for impact (including the
outlier data), but interpret the results with a caveat. In general, nonremovable

baseline trend was considered a serious assumption violation.

Abundance deltas may not be directly suitable for t;test analysis even if
baseline data are additive and lacking in temporal trend (Stewart-Caten 1986).
Serial corré]atﬁon, if present, effectively reduces degrees of freedom because of
nonindependence of samples {Stewart-Oaten 1986). Serial correlaticn miéht occur if,
as for lampara sampling, intervals between sampling dates vary because inclement
weather and vessel unavailability sometimes required sampling at less-than-weekly
intervals. Both baseline and operational-period catch-deltas were initially
evaluated for the presence of serial correlation using von Neumann's test (Stewart-
Oaten 1986). If serial correlation was present, autoregressive errors of orders one
and two were included in the model and the effect of serial correlation thereby

removed.
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Analysis Methods: Complementary Tests. As designed, t-tests of SONGS operational-

period changes in Impact-Control differences evaluate patterns of abundance within
depth blocks independently of one another. (The depth factor has been excluded from
the analysis model in order tc independently test for "intake-depth" declines {at 5-
10 m} versus "diffuser-depth" changes {at 11-16 m}). For fish that are common and
abundant in both depth blocks (e.g., adult male queenfish), the potential
complications of depth-by-location interactions are overlooked if t-tests alone are
used to interpret patterns. For species well represented in both depth blocks
during the baseline period, we therefore used a three-factor ANOVA to test whether a
location-by-period-by-depth interaction might be obscuring our location-by-period
impact tests. Such a three-way interaction might occur, for examp]e,Aif a fish's
depth distribution shifted offshore in reéponse to SONGS' diffuser plume. If so,
catches might decline within the intake depth block while increasing at diffuser
depths. No effect on overall abundances near SONGS might occur, despite one or more
significant t-test results. ANOVAs thus provided a major means of interpreting BACI
t-test results.

ANOVA tests utilized the same data used in t-tests for each of the two
component depth blocks with the following exceptions. (1) ANOVA runs excluded dates
with "triple-zero" catches but included dates with double zeroes. Double zeroes
were included because the location treatment effect was evaluated for three levels
(i.e., for the three longshore locations). (2) For any particular species or
queenfish sex/maturity category, the value of the constant "c" (added to its catch
before the transformation to logs) was the increment that most generally satisfied
the additivity assumption for the three pairwise BACI t-test contrasts. (3) Data
used were restricted to those dates on which shallow and mid-depth collections were
made on the’same cruise. Data for cruises made prior to June 8, 1981 were therefore
omitted. ANOVAs were run for all species and queenfish categories that did not
seriously violate the additivity assumption; cases with minor trend violations or

serial correlation were tested anyway and results interpreted with caution.

Size-frequency data also were used to interpret the impact test results for
queenfish and white croaker. Kolmolgorov-Smirnov (K-S) two-sample tests were used
to compare length data (1) between SONGS-operational periods at a location and (2)
between pairs of locations within each SONGS operating period. Histograms of

percentage frequencies were used to interpret K-S test results.
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A1l screening test, t-test, and complementary ANOVA and other analyses were
performed on the IBM 4341 computer system at the MRC's Encinitas facility. Appendix
B provides an annotated 1iéting of the SAS programs used to generate results. These
programs also identify relevant data bases and describe the data manipulations that
were performed prior to statistical analysis.

1.2.3 Otter Trawl: Gear and Study Design
1.2.3.1 Sampling Gear

Otter trawls are drag nets used to capture bottom-oriented fish in certain
commercial fisheries. Modified smaller versions are used as research tools to
monitor the abundance of fishes occurring on and a short distance above
unconsolidated substrates. The size, design, and fishing protocols of the trawl
used off San Onofre were those recommended by Mearns and Allen (1978) for monitoring
benthic fishes on the open coastal shelf of southern California. A detailed
description of the trawl gear and sampling protocols is provided in Appendix A,
part 2.

1.2.3.2 Sampling Design

The design of trawl sampling also conformed to the BACI pairs design (Stewart-
Oaten 1986; Stewart-Oaten et al. 1986). Within both preoperational (baseline) and
operational periods of comparison, samples were replicated over single-night
cruises. Baseline and operational periods were defined based on pumping history at
SONGS Units 2 and 3. Appendix A, part 2, provides further details of design, and
Table 3 therein lists all sampling dates.

Otter trawl surveys differed from lampara seine surveys in that mu]tiple_traw1s
were. made at each station on each cruise. Within-station replicates were always
four in number. Stations were defined by discrete depth and longshore location.
Two depths (18 m, 30 m) were sampled. Two longshore locations were sampled (SONGS
Impact: < 1 km upcoast to 2 km downcoast of the Unit 1 line; and Stuart Mesa Control:
~ 17-20 km downcoast of Unit 1; Appendix A, Fig. 2). Depths were chosen to represent
an off-diffuser depth (at 18 m; since the SONGS diffusers discharge over 10- to 15-m
bottom depths) and an off-plume depth (at 30 m, since the diffuser plume is _
sometimes traceable to 5 or more km offshore: Reitzel 1979). All samplessused in
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BACI analyses were collected at night in order to get more precise catch estimates
for a greater number of representative species (DeMartini et al. 1983a,b; DeMartini
and Allen 1984).

A key aspect of ihe design of the trawl surveys was that all four combinations
of depths and locations were sampied on each cruise so as to minimize the possible
effects of date on the relative distribution and abundance of fishes at the two
longshore locations.

Sample sizes were based on the results of power tests (Cohen 1977) of baseline
data. Choice of sample size was based on our evaluation for a majority of species-
depth combinations whose log 10 (X+1) baseline data were statistically tractable
(DeMartini et al. 1983a,b). See Section 1.2.1.2 for further details.

1.2.4 Otter Trawl: Data and Analysis Methods
1.2.4.1 Types of Data

Otter trawls also provide catch-per-unit-of-effort (CPUE) data. The unit of
effort is a trawi-haul of standard distance (area swept). Numerical and biomass
CPUE were recorded for all species. Length frequencies were also measured for
select species at one or both depths. Details of data collection are described in
Aﬁpendix A, part 2.

A1l impact analyses were based on numerical trawl CPUE. Biomass CPUE show the

same patterns but with less precision because the variances are larger (DeMartini
and Allen 1984).

Ten species combinations were sufficiently common and abundant (i.e., had
reasonable power) in baseline trawl catches at one or both depths to warrant
meaningful comparisons between longshore locations during the two SONGS' operating
periods (DeMartini et al. 1983a,b). Analysis of interim trawl data (1982-84;
DeMartini et al. 1984c) prompted the addition of several more species for impact
evaluation. Appendix D lists all 22 species-depth combinations used in our impact
analysis of trawl-caught fishes. These 22 combinations represent the upper tail of
the distributions of both counts and frequency of occurrence in baseline trawls
(Appendix C, Tables 13-16 and 17-20). Abundance and frequency of occurrence data are
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lTisted for benthic fishes in Appendix C. (Incidental catches of pelagic species
such as Pacific butterfish and northern anchovy are omitted.) Accepted common names
(Robins et al. 1980) are used throughout this report.

Biomass data for queenfish, white croaker and total fishes (all species) are
used in analyses that complement our BACI tests for SONGS impact.

1.2.4.2 Analysis Methods: BACI T-Tests

Numerical CPUE data were compared, within each depth block, between the single
pair of Tlongshore locations using the BACI (Before-After, Control-Impact) pairs
design (Stewart-Oaten 1986; Stewart-Oaten et al. 1986). A multiplicative model
using the deltas of log-transformed catch data was used (see Section 1.2.2). The
only difference between the analysis designs for lampara seine and otter trawl was
that the basic unit of analysis for trawls was the mean of the four trawl catches at
a station on a date. Constants used to avoid the log of zero were added to the mean
of the four trawl data. The values of the constants that were evaluated ranged from
0.015%6 ({0.25}3, where 0.25 represents the smallest possible positive catch of one
fish in four trawls) to 10 (40 times larger than the smallest possible catch).
Double zeroes were again excluded from analysis (Section 1.2.2).

The delta (difference) in the logarithms of mean catch was the test variable in
our t-tests for impact (Section 1.2.2). Prior to impact tests, screening tests were
used to detect species that were inappropriate for statistical analyses at a given
depth because of nonadditivity or monotone trend in baseline deltas. If serial
correlation was present, autoregressive errors were included in the t-test model
(Section 1.2.2). See Appendices D and E fur additional details.

1.2.4.3 Analysis Methods: Complementary Tests

As for lampara seine data, three-way ANOVAs were used to evaluate whether
distributional shifts were obscuring abundance changes at depth. Double zeroes were
excluded (Section 1.2.2). Size-frequency data also were used to interpret impact
test results for select species at representative depths (Section 1.2.2).
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1.3 RESULTS

1.3.1 BACI T-Tests

1.3.1.1 General Patterns for Coastal-Pelagic Fishes

Summary of BACI Findings. Two species (queenfish and white croaker), considered at

major risk to SONGS entrapment, declined from ~60 to > 90% near SONGS, relative to
control locations, during the operational monitoring period. Two other taxa
(Pacific butterfish and silversides), not at great risk to entrapment, did not
decline near SONGS. Near-SONGS declines in white croaker were > 90% and involved
juvenile fish at intake depths within 1/2-km of the SONGS Unit 1 intake. Queenfish
declines near SONGS were represented by both juvenile and adult fish: YOY and other
Juveniles declined 62-86% at intake depths within 1/2-km of the Unit 1 intake.
Significant declines of 55-70% in YOY and other juvenile abundance were also
detected at diffuser depths off SONGS. Adult queenfish generally declined only at
intake depths, but relative declines were detectable to 2-3 km downcoast of Unit 1.
Declines in adults 2-3 km downcoast were 60-80%, about the same magnitude as
declines within 1/2-km of Unit 1.

Results of Screening Tests. A total of 48 species-depth-block combinations of
coastal-pelagic (midwater) fishes were screened for statistical suitability in BACI

t-tests. Queenfish life stages represented 30/48 cases. Detailed results are
presented in Appendix D. A brief summary of BACI screening test results follows.

At 5- to 10-m depths, 22/24 cases were statistically tractable (Appendix D,
Table 1). At 11~ to 16-m depths, 21/24 cases were tractable (Appendix D, Table Z:
also see Discussion, Section 1.4.1.2). At 5~10 m, two cases szeined Lo viclate thn
assumption of statistical additivity, while another case had an unresolvable
temporal trend in baseline data (Appendix D, Table 1). The failed additivity test
for the NI - C comparison of white croaker, however, was inconclusive because of the
large percentage (26%) of single zeroes in preoperational catches. The t-test
comparison between NI and C locations was considered tractable for white croaker; in
addition, the white croaker data were identified for evaluation using a more
conservative (binomial) test. At 11-16 m, all 3 of the intractable cases violated

additivity; in addition, two cases had significant monotone trend (Appendix D, Table
2). ) h
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Analyses for 7 of the 22 tractable cases at shallow depths were complicated by
serial correlation within the baseline and/or operational time series. However, all
7 cases could be corrected for first- and/or second-order autoregressive errors
(Appendix D, Table 1). All 7 had detectable first-order (lag one cruise)
autocorrelated errors. Two cases of serial correlation were detected in the 11- to
16-m data, but these were similarly correctable (Appendix D, Table 2). One of the
Tatter cases had detectable second-order (lag two cruises) as well as first-order
~effects.

Tally of BACI Test Results. At intake depths, significant (at one-tailed P < 0.05)
declines in the relative magnitude of seine CPUE between baseline and SONGS-
operational periods were detected for 5 of the 7 tractable Near Impact (NI) minus
Control (C) location contrasts (Table 1; Appendix E, Table 1). Analogous declines
were detected for -4 of the 7 tractable NI minus Far Impact (FI) pairs (Appendix E,
Table 1). Of the 8 valid FI minus Control contrasts, 3 were notable: 2 were

significant relative declines, and another was a case of unexpected increase at the
FI Tocation (Appendix E, Table 1). Overall, 12 of 22 tractable cases tested were

notable, 11 were significant, and 9/11 were disproportionate declines at the Near

Impact location relative to either the Far Impact station or the distant Control

location (Appendix E, Table 1).

At diffuser depths, only 3 of 21 tractable cases were significant declines at a
one-tailed alpha of < 0.05 (Appendix E, Table 2). Another 2 cases were significant
at a one-tailed alpha of 0.10 (Appendix E, Table 2). (Evaluation at @y = 0.10 was
jus;ified in these 2 cases because both had power < 0.80 at oy = 0.05; see Appen-

dix E, Table 6.) Two of the 5 cases of significance were contrasts between the Near
Impact and Contro] locations; the remaining 3 were Far Impact minus Control
. . comparisons (Appendix E, Table 2.)

Disproportionate decreases near SONGS were large in magnitude (> 60%; Appendix
E, Table 1), and most reflected large absolute changes in catch as well (Table 2).
Near-SONGS declines in CPUE were absolutely large (usually > 20 fish per seine-haul)
despite the general halving of fish abundance throughout the San Onofre-Oceanside
area in recent years (Table 2; also see Appendix C, Tables 1-12 and Figs. 1, 2).
Disproportionate declines were absolutely large because baseline catches were
substantial (Table 2).
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These general results are treated on a case-by-case basis in the species
account that follows.

1.3.1.2 Species Account: BACI T-Test Results for Pelagics

Pacific Butterfish. Trivial changes in seine CPUE occurred at eitker intake depths.
(5- to 10-m) or at diffuser depths (11- to 16- m) off SONGS relative to the other
sampling locations (Tables 1-3; Appendix E, Tables 1, 2). Catches declined
throughout the San Onofre-Oceanside area in 1982-84 and were further depressed in
1984-86 (Table 2; Appendix E, Figs. 1-3).

White Croaker. Very large (> 90%) percentage declines of this species occurred

during the operational period at intake depths at the Near Impact location (within
1/2-km distance of the SONGS Unit 1 intake), relative to either the Control location
(18-19 km downcoast of SONGS) or the Far Impact (FI) Jocation 2-3 km downcoast

(Table 1; Appendix E, Tables 1, 3 and Figs. 4-6). No disproportionate declines were
detected at diffuser depths (Appendix E, Table 2). Operational-period catches at

Control and FI locations were indistinguishable in either depth block (Appendix E,
Tables 1, 2). Operational-period catches at FI and Contr01 locations increased to

about one-fourth of average baseline levels at intake depths after a nadir of 10% of
baseline during the interim period of summer 1982-winter 1984 (Tables 2, 3).

Queenfish. Demonstrable declines in the catches of total queenfish (all sexes and
maturity stages/poo]ed) occurred at the Near and Far Impact locations relative to
the Control station, depending on depth block (Appendix E, Tables 1,2). Results
largely reflect those for immature fish, which contribute most to total numerical
catch (Table 2). During the interim and operational periods, seine catches of
queenfish declined to 25% to 75% of baselinz levels, depending on longshore location
(Tables 2, 3; Appendix E, Figs. 7-9).

Catches of various sex- and maturity-stages differed somewhat in the magnitude,
onshore/offshore, and Tongshore extents of decline. The abundance of some queenfish
stages were depressed to a distance of 2-3 km downcoast of SONGS Unit 1, while the
spatial extent of the deciine of other stages was limited to the Near Impact
station. Small (immature and YOY) queenfish generally declined to greater extent
within 1/2-km distance of SONGS Unit 1 (versus Control) than larger, older life
stages (Appendix E, Table 1). Declines in small queenfish were detected 'at diffuser
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as well as intake depths (Appendix E, Tables 1, 2). Recent catches of both sexes of
adult queenfiéh declined disproportionately near SONGS relative to the distant
Control location. Catches of adults at the Far Impact station also declined
relative to the Control location (Appendix E, Table 1 and Figs. 10-15). Relative
decreases of both immature and YOY stages were limited to the station within 1/2-km
distance of the Unit 1 intake (Appendix E, Table 1 and Figs. 16-21).

The aforementioned general declines (San Onofre-Oceanside) in queenfish
abundance exhibited no consistent patterns for different size (age) groups and sexes
of fish. Average broadscale declines during recent years were evident for adults of
both sexes as well as for immatures and YOY (Tables 2, 3).

Silversides. This three-species complex of neustonic planktivores showed no
evidence of a recent disproportionate decline near SONGS. Rather, these fishes
exhibited a marked (> 5-fold) numerical increase at the Far Impact location
(relative to Control) during the SONGS-operational period (Appendix E, Table 1).

- The relative increase 2-3 km downcoast of SONGS Unit 1 actually represents a lesser

Tocal decline: in recent years there have been average > 50% declines in silverside
CPUE throughout the San Onofre-Oceanside region (Tables 2, 3; Appendix E, Figs. 22-
24). The recent relative increase at the station 2-3 km downcoast has occurred only
at intake, not diffuser, depths (Appendix”E, Tables 1, 2).

1.3.1.3 General Patterns for Benthic Fishes

Summary of BACI-Findings. Six out of ten major species present in baseline trawls
changed in abundance at the SONGS Impact station (relative to the Control), between

baseline and operational monitoring periods, at one or both of the two {18-m, 30-m)
depths sampled. Almost all of the recent changes were increases; two-thirds cf the
increases ocurred at 30 m. Increases were generally large (from > 200% to > 600%).
Changes involved differences of < 1-2 fish per trawl, however, for all species
except white croaker, for which the recent, relative increase was ~15 fish per
trawl.

Results of Screening Tests. A total of 22 species-depth combinations of benthic .

fishes were screened prior to BACI t-tests. Detailed results are presented 1in

Appendix D. A brief summary of screening test results follows.
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Of the 22 cases, 16 were statistically tractable (Appendix D, Table 3)l One
case was nonadditive and had trend in its baseline deltas, another case was non-
additive but lacked trend, and the remaining 4 intractable cases had unresolvable
baseline trends (Appendix D, Table 3). Of the latter trend violations, only the
case for speckled sanddab at 30 m was due to identifiable influence points. Since at
least 3 outliers were involved in this case, it was still considered to be
intractable. Violations were equally divided among sampling depths (Appendix D,
Table 3).

Serial correlation complicated analyses for only 3/16 tractable cases
(Appendix D, Table 3). A1l 3 cases were analyzeable after including autoregressive
errors in the t-test model (Appendix D, Table 3).

Tally of BACI Test Results. When evaluated at a two-tailed alpha level of 0.05,
significant CPUE changes were detected for 4 out of 16 tractable species-depth

- combinations (involving 4 species) of benthic fishes (Table 4; Appendix E, Table 4).

An additional 3 species-depth combinations (2 more species) were significant at a

two-tailed alpha of 0.10 (Table 4; Appendix E, Table 4). (Evaluation at ¢, = 0.10
was justified for these latter species because all had power < 0.80 at @, = 0.05; see
Appendix D, Table 7). Of the seven significant changes, six were increases (range:
from > 200% to > 600%); only one relative decline (54%) occurred at SONGS (Table 4;
Appendix E, Table 4). The decline was for speckled sanddab at 18-m depth; 4/6 of the
significant increases occurred at 30 m (Table 4).

Although most relative increases near SONGS were large, raw trawl CPUE (Table
5) illustrate that all but one case (white croaker at 30 m) represent trivially
small absolute differences in catches at SONGS and Control Tlocations. Large
percentage changes despite small absolute differences reflect the small trawl
catches during the operational period (Table 5), a time when benthic fish abundances
were generally depressed to one-half or less of baseline averages (Tables 5 and 6;
also see Appendix C, Tables 13-16 and Figs. 3, 4).

A species-by-species analysis of the results is provided in the account that
follows.
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1.3.1.4 Species Account: BACI T-Test Results for Benthics

Results are specified for one or both sampling depths at which baseline
abundances were nontrivial:

~ White Croaker. The near-seabed components of this species generally decreased less
off SONGS (versus the Control location) during the operational period (Appendix E,
Table 4). However, the nominally large (>> 100 %) relative increases at the 18-m
depth were not statistically demonstrable (Table 4; Appendix D, Table 3). The
recent huge (> 6-fold) increase at the 30-m depth off SONGS represents our largest
observed change in the local abundance of any benthic or pelagic fish (Table 5;
Appendix E, Table 4). Despite relative increases off SONGS, the absolute abundance
of larger, bottom-oriented white croaker (see Sectibn 1.3.3) declined during 1982-86
to 25% to 50% of baseline levels throughout the San Onofre-Oceanside area (Tables 5,
6; Appendix E, Figs. 25, 26).

Basketweave Cusk-Eel. There were no meaningful spatial patterns to changes in the
relative abundance of this nocturnal, burrow-dwelling cusk-eel during the
operational period (Table 4; Appendix E, Table 4). Average abundance throughout the
San Onofre-Oceanside area declined to about one-third of the baseline level during
1982-84 but rebounded strongly in 1984-86 (Tables 5, 6; Appendix E, Figs. 27, 28).

California Halibut. Recent patterns of change in the abundance of the juveniles-

small adults of this economically important flatfish were unsuitable for statistical
analysis (Appendix D, Table 3). Abundances generally declined to less than half of
baseline levels during 1982-86 (Tables 5, 6; Appendix E, Fig. 29). ’

California Lizardfish. This medium-sized, benthic roundfish was uncommon at 18-m
and 30-m trawl depths during 1380-82 (Table 5). Abundances increased six-foid over
the baseline level at 30 m ‘during 1982-84 because of substantial juvenile
recruitment in 1982-83 (Table 5). Abundances decreased overall during ‘the
operational phase but decreased less off SONGS (Table 5; Appendix E, Table 4 and
Figs. 30, 31). Despite the large relative surpluses (200% or more: Tables 5,6;
Appendix E, Table 4) at both depths off SONGS during the operational period,, the net
changes in absolute abundance were << 1 fish per trawl (Table 5).
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Queenfish. Large, seabed-oriented adults of this species did not change in relative

abundance at 18-m depth during the operational period (Table 4; Appendix E, Table 4)
despite large nominal increases off SONGS (Tables 5, 6; Appendix E, Fig. 32). The
relative increase at 30 m off SONGS was significant, even though catches actually

decreased at both sampling locations during the operational period (Tables 5, 6;

Appendix E, Fig. 33).

Longfin Sanddab. Abundance of this relatively large-bodied, midshelf sanddab
decreased greatly from baseline levels at both depths and sampling locations during
1982-84 (Table 5). Catches then increased significantly at 18 m off SONGS (relative
to Control) during the operational period (Tables 4; 5; Appendix E, Table 4). The
relative increase off SONGS during 1984-86 reflected the failure to reestablish
baseline levels of abundance at Control at a time when catches rebounded to baseline

levels off of the power plant (Table 5). Abundance of this species at 30 m, always
greater than at 18 m, remained greater at Control throughout all SONGS monitoring
periods from 1980-86 (Tables 5, 6; Appendix E, Figs. 34, 35).

Pacific Sanddab. Catches of this sanddab crashed abruptly in summer 1982 throughout
the general San Onofre-Oceanside area (Table 5; Appendix E, Fig. 36). Abundance of

this primarily outer-shelf species only sporadically rebounded during 1985-86 to

< 20% of baseline levels (Table 5; Appendix E, Fig. 36). There was no change 1in
relative abundance off SONGS and Control (Table 4; Appendix E, Table 4), with
somewhat greater numbers off SONGS persisting throughout the baseline and
operational periods (Table 5; Appendix E, Table 4 and Fig. 36).

Speckled Sanddab. During the baseline period this small, inner-shelf sanddab had
Leen equivalently ebundant off SONGS and Control at 18 m depth (Table 5). 1n 1982~
84, catches geverally decreased several-fcld or-more (Table 5). The 1984-86 rebound

from interim lows was less at SONGS than off Control, where abundances actually
increased above the baseline level (Tables 5, 6; Appendix E, Fig. 37). The observed
decrease off SONGS (over baseline), relative to the absolute increase off Control,
represents the only case among major benthic fishes where relative abundances
decreased off SONGS (Table 4; Appendix E, Table 4). The relative decline
represented several fish per trawl in absolute terms (Table 5). Abundance patterns
of this species at 30 m were difficult to interpret (Appendix D, Table 3). It is
clear, however, that average catches at 30 m changed 1ittle between SONGS monitoring
periods at either 1ocat16n (Tables 5, 6; Appendix E, Fig. 38). .
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Pink Seaperch. Assumption test violations prevented rigorous interpretation of
temporal changes in abundance of this small, epibenthic live-bearer (Appendix D,
Table 3). Trawl catches of pink seaperch crashed during summer 1982 to an even
greater extent than did Pacific sanddab (Table 5; Appendix E, Fig. 39). This
species had averaged second only to white croaker in baseline catches (Table 5;
Appendix C, Tables 14, 16). Pink seaperch abundance only slightly increased durirng
1984-86 to about 10% of baseline levels (Tables 5, 6; Appendix E, Fig. 39). Average
abundance levels remained nominally twice as great off SONGS as at the Control
station (Table 5).

California Skate. No meaningful changes in abundance of this species occurred near
the power plant (relative to Control) during the SONGS-operational period (TabTe 4,
Appendix E, Table 4). Average abundance in the general San Onofre-Oceanside area
decreased during 1982-86 to about 20% to 40% of its baseline level (Tables 5, 6;
Appendix E, Fig. 40).

Fantail Sole. This flatfish was one of the very few benthic fishes whose temporal
patterns in abundance differed between the two trawling depths. During 1982-84,
abundances halved at 18 m but remained constant (and equivalent at SONGS and
Control) at 30 m, where numbers were about double those at 18 m (Table 5; Appendix E,
Figs. 41, 42). During the operational period, numbers at 18 mrincreased about
seven-fold over 1982-84 Tevels at both locations (Tables 5, 6; Appendix E, Table 4).
During 1984-86, fantail sole abundance approximately doubled at 30 m of f SONGS while
mean abundance persisted at < 1 fish per trawl off Control (Table 5; Appendix E,
Table 4 and Fig. 42). The relative doubling at 30-m depth off SONGS, although

statistically significant, represented < 1 fish per trawl in absolute terms (Table
8).

California Tonguefish. Temporal patterns of abundance of this small, secretive
flatfish were statistically uninterpretable at 18-m depth (Appendix D, Table 3;
Appendix E, Fig. 43). At 30 m, patterns were interpretable: the baseline two-fold
greater abundance at the Control (versus SONGS) station persisted through the
operational period (Tables 5, 6; Appendix E, Table 4 and Fig. 44), while abundances

increased to an appreciable extent overall (Table 5).

Hornyhead Turbot. Abundance patterns of this medium-sized, small-mouthed flatfish
were not suitable for statistical analysis at 30-m depth (Appendix D, Table 3).
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Abundances seemed to decrease somewhat at both locations during the operational
period (Tables 5, 6). At 18 m, patterns were more interpretable. Relative
abundances at the two Tocations changed to an insignificant extent during the
operational period (Table 4) despite a nominal decline off SONGS and a nominal
increase at Control (Tables 5, 6; Appendix E, Table 4 and Fig. 45).

1.3.2 Complementary ANOVA Tests
1.3.2.1 ANOVAs for Coastal-Pelagic Fishes

Of the 8 total species and queenfish sex/maturity classes, 6 were deemed
suitable for ANOVA analysis (Table 7). In none of the 6 cases were location=-by-
period-by-depth interactions significant (Table 7). This indicates an absence of
onshore/offshore distributional shifts among locations and between periods of
SONGS' operation that would obscure BACI t-test results at depth.

Two-way interactions were significant in 4/18 cases (Table 7). They included
two location-by-period interactions, and these were consistent with the pair of
highly significani BACI t-test results at shallow and mid-depths for total and adult
male queenfish (Appendix E, Tables 1, 2). A significant location-by-depth
interaction for Pacific butterfish (Table 7) was largely due to disparate depth
relations in abundance at the Far Impact and Control locations (Table 2; Appendix E,
Figs. 1-3). The significant depth-by-period interaction for adult male queenfish
reflected a regional onshore distributional shift of males during 1984-86 (Appendix
E, Figs. 10-12).

Main effects were commonplace--results were significant in 10/11 cases not
preempted by higher-order effects (Table 7). Depth effects (onshnbc, offshore)
reflected the generally greater densitiesvat shallower depths (Table 2). Temporal
effects (period) represent the broadscale catch declines in recent years (Table 2;
also Appendix C, Figs. 1, 2).

1.3.2.2 ANOVAS for Benthic Fishes
Nine species of benthically oriented fishes occurred in nontrivial abundance at

both 18-m and 30-m depths during the SONGS baseline period; and 6 of these were
testable. Location-by-depth-by-period dinteractions were insignificant for 5/6
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series of figures shows that the length distributions of YOY and yearling immature
fish were similar for April 1981-May 1982 and April 1984-August 1986 only at the FI
and Control locations. At the NI location, modal distributions differed
conspicuously between sampling periods, and patterns were consistent for immature
and YOY fish (Appendix E, Figs. 50, 51).

The twelve-panel figures (Appendix E, Figs. 53-55) illustrate two interesting
patterns of juvenile recruitment. (1) The timing of settlement varied among years
over a 3- to 4-month period during summer-early fall but was generally consistent
among longshore stations within a given year. (2) The strength of recruitment at
the NI location was weak, relative to either the FI or the Control location, only
during 1985 and 1986 (Appendix E, Figs. 53-55). Together, observations (1) and (2)
suggest that entrapment at the SONGS units, at a time when the average level of
pumping was high at all three units during 1985-86 (Chapter 2), was effectively
reducing the abundance of YOY queenfish near SONGS' offshore intake structures.

1.3.3.2 Size-Distributions of Target Benthic Fishes

Body~length distributions were characterized for select species trawled at one

or both sampling depths. Distributions are displayed in two basic forms.

(1) Four-panel (location-by-period) histograms are used to contrast
percentage-frequency distributions between the two SONGS operating periods
("Before" and "After") and the two Tongshore sampling locations (SONGS and Control).
Distributions are presented for 6 species (a total of 9 species-depth combinations)
for which there were > 75 length data per period and location at a depth (Appendix E,
Figs. 56-64).

(2) Twelve-panel (monthly) figures are used to illustrate changes in
percentage length frequencies for major species present at each longshore location
and sampling depth. Data are presented for 2 species (3 species-depths) for which
there were > 500 length data per location and depth (Appendix E, Figs. 65-70).

Again, many K-S test results were significant for location comparisons within
periods (Appendix E, Table 11) and for period contrasts at each location (Appendix
E, Table 12) because of large sample sizes and great power. Visual inspection of
histogram plots (Appendix E, Figs. 56-64, 65-70) nonetheless reveals several major
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block at 5-10 m) because of generally insufficient data at diffuser depths (11-16
m).

(1) Six-panel (location-by-period) histograms are wused to contrast
percentage-frequency distributions between the two SONGS-operating periods
("Before" and "After") and the three longshore sampling locations (Near Impact, Far
Impact, and Control; Appendix E, Figs. 47-52). Queenfish "Before" characterizations
are limited to the April 1981-May 1982 subperiod in order to maintain comparability
at all three locations (Appendix E, Figs. 47-51). Only three months of baseline
length data exist for white croaker because length measurements of this species were
not initiated until March 1982 (Appendix E, Fig. 52). Total queenfish data were
also subdivided into four sex/maturity classes (adult males, adult females,
immatures, and YOY) for this presentation.

(2) Twelve-panel (monthly) histograms are used to illustrate changes in
percentage length frequencies of all queenfish (total individuals) caught at each of
the three longshore locations. This time-series display spans the entire baseline,

interim, and operational monitoring periods (Appendix E, Figs. 53-55).

A1l K-S test results were significant (P < 0.05) for period cdntrast; at a
location (Appendix E, Table 8) and for location comparisons within period (Appendix
E, Tables 9, 10). Tests had great power because of large samplie sizes (Appendix E,
Tables 8-10). Several meaningful patterns emerge from among the many trivial
differences (Table 9) upon inspection of the histogram plots (Appendix E, Figs. 47-
52).

White Croaker. During March-May 1982, mixed-sized croaker--primarily yearling-
(10-12 cm SL) and adult-sized (> 12 cm), and secondarily YOY-sized (< 10 cm: Love et
al. 1984)--were present in seine samples at both intake-structure and diffuser

depths throughout the general San Onofre-Oceanside area. In contrast, relatively
few croaker (other than YOY) were present during April 1984-August 1986 (Appendix E,
Fig. 52).

Queenfish. The body-length distributions of queenfish sampled during April 1981-May
1982 and April 1984-August 1986 differed in two major ways. First, the six-panel
figures illustrate that the modal sizes of adult-sized (> 10 cm) fish were larger in

operational than in baseline samples (Appendix E, Figs. 48, 49). Second, this same
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at the shallower depth, unique to this species among the three sanddabs. Greater

~numbers of adult-sized (> 9 cm) fish were present in operational (relative to
baseline) samples, but only at the Control location (Appendix E, Fig. 61). No
meaningful location differences were evident for baseline length distributions
(Appendix E, Fig. 61).

Fantail Sole. Both location and periocd influences of length distributions were

apparent for this flatfish. (Length measurements were restricted to the more
representative, 30-m depth.) (1) Relatively fewer small (< 10 cm) and more large
(> 14 cm) fish were trawled at SONGS (versus Control) during the operational period.
(2) Relatively greater numbers of small fish weré caught at both longshore
Tocations during the operational (versus baseline) period (Appendix E, Fig. 62).
Baseline length distributions were similar at the SONGS and Control -locations
(Appendix E, Fig. 62).

Hornyhead Turbot. Length~frequency data for this species suggested temporal

changes; i.e., relatively more large (12-15 cm) fish were caught during the
operational (versus baseline) period. This period difference, however, was evident
at both depths only at the Control location; no meaningful period differences
occurred at the SONGS location (Appendix E, Figs. 63, 64). At 30-m depth, the data
suggest an interaction between period and longshore location (Appendix E, Fig. 64).
At 18 m, no meaningful location differences are evident within either sampling
period (Appendix E, Fig. 63).

1.3.4 Evaluation of Shifts in Water-column Distributions

Data on the mean body weight of queenfish and white croaker caught by otter
trawl indicate that the recent increases in trawl catches of these two species do
not represent seabed-directed shifts in water column distributions beneath the SONGS
plume (Appendix E, Table 12). Reasonable arguments can be made for both white

croaker and queenfish.

The mean body weights of white croaker caught by otter trawl off SONGS during
the operational period were similar, if not larger than, the croaker caught at the
Control Tocation in recent years (Appendix E, Table 13). If small croaker had been
shifting to the seabed farther offshore of SONGS, we would expect the average body
size of croaker to decrease off SONGS, relative to Control, at a given trawling
~ depth.
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types of variation in length-frequency distributions that are distinguishable from
among the many trivial statistical differences. One or mcre biologically meaningful
patterns are evident for each of the 6 species measured (Table 10). Least pervasive

among these variations were location differences in baseline data.

White Croaker. Length-frequency distributions of the epibenthic, small-to-large
adult-sized (> 9 cm SL) individuals of this species varied importantly between
depths, locations, and sampling periods (Appendix E, Figs. 56, 57, 65-68).

(1) Smaller, yearling-sized fish were relatively more abundant at the shallower
(18-m) depth (Appendix E, Figs. 65-68). (2) More small (~ 10 cm) and large (15-20 cm)
adults, and fewer medium-sizedk(lz-ls cm) adults, were trawled at the SONGS station,
relative to the Control station, during the operational period (Appendix E, Figs.
56, 57). (3) Relatively more small and large adults, and fewer medium-sized
adults, were caught during the operational period at both depths (Appendix E, Figs.
56, 57). Baseline length distributions were similar, at depth, at SONGS and Control
Tocations (Appendix E, Figs. 56, 57).

Longfin Sanddab. Length distributions of this flatfish also varied importantly with

depth, location, and period. (1) Relatively more YOY-sized (< 10 cm) fish and small
adults (10-14 cm) occurred at the deeper of the two depths (Appendix E, Figs. 58, 59,
69, 70). (2) At 18-m depth, relatively more YOY-sized individuals were trawled at
the Control than at the SONGS station during both periods. At 30 m, more large (8-10
cm) juveniles were caught at the Control location during the operational period

(Appendix E, Figs. 58, 59). (3) Larger fish were better represented during the

operational period at both depths and longshore locations (Appendix E, Figs. 58,

59). Baseline distributions were similar, at depth, at both sampling Tlocations

(Appendix E, Figs. 58-589).

Pacific Sanddab. Length distributions of this species, abundant in baseline samples

only at the deeper (30-m) depth, differed conspicuously between sampling periods.
Relatively more YOY-sized (< 6 cm) fish occurred in baseline (versus operational)
sampies at both longshore locations (Appendix E, Fig. 60). Catches at SONGS and
Control locations had similar length distributions during either period (Appendix E,
Fig. 60).

Speckled Sanddab. This small flatfish was present at both sampling depths in

baseline samples, but length measurements were restricted to its center of abundance
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Jampara seine catches. At shallow depths, catches disproportionately declined
within 1/2-km radius of the Unit 1 intake, re]étive to locations 2-3 km downcoast or
18-19 km downcoast of SONGS, for 50% (11/22) of the cases examined. Of the 11
significant cases, 10 involved queenfish life stages and white croaker. At mid-
depths, disproportionate declines near SONGS were detected for 5/21 testable cases.
A1l 5 cases involved queenfish. Only 2 otker cases (1 at shallow depths, 1 at mid-
depths) might be interpreted as real increases at or near SONGS relative to the
distant Control location.

Sample sizes were generally sufficient to detect declines that were > 50% in
magnitude (see Section 1.4.1.2). The percentage declines that were actually
detected ranged from 55%-99%, with most between 60% and 80% (Appendix E, Tables 1
and 2).

The observed >> 50% relative declines in queenfish and white croaker catches
near SONGS involved nontrivial numbers of fish (Table '2). This is because the
baseline catches of these species were large (generally on the order of 102 fish per
seine-haul), in part because individual seine-hauls sampled between sea surface and
seabed over a large area (~ 4,600 mz).

Impact test results showing SONGS-nearfield declines in queenfish and white
croaker are corroborated by length-frequency data. Relatively few immature-sized
queenfish were caught at the Near Impact station during the operational period,
1985-86 in particular, compared to the Far Impact and Control locations (Appendix E,
Figs. 50-51 and 53-55). These observations may be explained by the magnitude of
species- and size-specific entrapment at the Units 1, 2, and 3 offshore intake
structures (Chapter Two). Near-SONGS declines in (especially small) queenfish and
white croaker are consistent with the high levels of ertrapmert of the two spcuiaz.
Lack of observed nearfield declines in Pacific butterfish and silversides is
likewise consistent in terms of their low levels of entrapment (relative to
entrapment of queenfish and white croaker: Chapter Two). Magnitude of numerical
entrapment of butterfish and silversides is absolutely low compared to field
abundance (Chapter Two).

Benthic Fishes. Abundances of benthic fishes and the seabed-oriented, larger adult
stages of queenfish and white croaker were monitored at off-diffuser (18-m) and off-
plume (30-m) depths using otter trawl catches. Catches changed disproportionately

1-32




Length-frequency data also support the argument. The white -croaker caught by
seine during the baseline period were a mixture of juvernile and small adult fish at
all three seining stations (Appendix E, Fig. 52). Primarily YOY croaker were seined
during the SCNGS Units 2 and 3 operational period (Appendix E, Fig. 52). Croaker
trawled during the baseline period were mainly adult- to large adult-sized, with the
latter more prevalent at the 30-m depth. During the operztional period, trawl-caught
croaker were primarily subadults and large adults (Appendix E, Figs. 56-57). It is
clear that the recent, relative increase in the number of croaker on the seabed
beneath the plume comprise much larger fish than those croaker represeﬁting the
relative deficit in recent seine catches near the SONGS intakes.

An anlogous argument can also be made for queenfish: relative increases in
trawl CPUE during the operational period do not reflect offshore, seabed-directed
shifts in water-column distribution beneath the SONGS plume.

Data on mean body weight provide our criterion for evaluating queenfish body
size. The mean body weight of queenfish caught by otter trawl during the operational
period has not declined, relative to the mean size trawled at the Control station
(Appendix E, Table 13). Unfortunately, we lack the length-frequency data for
queenfish in otter trawls that would be necessary to do a Before-After comparison at
SONGS and Control, which we could then relate to length frequencies in seine
catches. (Queenfish were not targeted for measurement in trawl catches =-- see
Appendix A, part 2).

There is no evidence that the recent decreases in seine catches of small
gueenfish and white croaker near the SONGS intakes have resulted from an accentuated
shift from midwater to near the seabed off SONGS.

1.4 DISCUSSION

1.4.1 Evaluation of Impact Tests
1.4.1.1 Patterns of Decline or Change in Abundance

Pelagic Fishes. Abundances of coastal, pelagic fishes and the water-column-oriented

Juvenile and young adult stages of queenfish and white croaker were monitored at
shallow (intake structure: 5-10 m) and mid-depths (diffuser: 11-16 m)..based on
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sanddab at 18-m depth (Appendix E, Fig. 58). For speckled sanddab at 18 m,
relatively fewer adults occurred off SONGS during the operational period (Appendix
E, Fig. 61). Large adults of fantail sole, on the other hand, were relatively more
abundant off SONGS in 1984-86 (Appendix E, Fig. 62).

The fishes that have recently increased in relative abundance off SONGS
represent a mixture of benthic and epibenthic life stages and species. Most are
generalized foragers that feed both on and a short distance above the seabed, but
the same can be said for all trawled fishes, including thosé species whose abundance
has not changed off SONGS (M.J. Allen 1982). Only the lizardfish (a species that
statistically increased off SONGS) is a rather specialized, wait-and-watch predator
of relatively few taxa (primarily mysids and anchovy: M.J. Allen 1982). The food
and feeding habits data for benthic fishes do not provide a strong link between the
distribution and abundance of particular species of fish and benthos prey. However,
the general patterns of increase in both benthic invetebrates (Barnett 1987, Table
3-32) and benthic fishes (this chapter) implicate sediment alteration and enrichment
due to SONGS operations as a plausible mechanism (also see Section 1.4.1.3).

1.4.1.2 Statistical Interpretation of Test Results

Several statistical parameters profoundly influence the power of BACI t-test
results and must be considered in our overall interpretation of evidence for impact.
These parameters are (1) sample size, (2) magnitude of the standard deviations of
the deltas (including relative sizes of the baseline and operational-period deltas),

and (3) serial correlation as a source of lost degrees of freedom.

Sample sizes had no unanticipated effects on t-test results. The number of
quantitative trawl surveys (n = 25) completed during the SONGS-operational perioc
approximated our a priori design criterion (n = 26). The operational data set for
lampara seine surveys was truncated by a few surveys (n = 32 instead of 36), but this
was allowed only because all nominal declines were already highly significant with
about three-fourths of the surveys analyzed (DeMartini et al. 1986; DeMartini 1986).

Larger-than-expected standard deviations of the deltas for "After" data can be
detrimental to the power of t-tests. On average, though, the standard deviations of
the operational deltas of trawl catches were equivalent to the corresponding '
baseline deviations (Appendix E, Table 4). On the other hand, the deviations of
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off SONGS, relative to the location 17-20 km downcoast of SONGS, for 44% (7/16) of
the species-depth combinations that were suitable for statistical analysis. Of the
7 cases, 6 represented relative increases off SONGS; catches decreased off SONGS in
only 1 case (at 18-m depth). -Of the 6 increases, 4 occurred at 30 m. Statistically
significant increases at both depths were detected for only 1/9 species that were
monitored at both depths; however, nominal increases occurred at the second depth
for 3/4 species showing significant increases at one of-the depths. (Three species
that were monitored at both depths did not change significantly at either depth.)

Sample sizes were generally sufficient to detect changes of > 50% (Section
1.4.1.2). The actual magnitude of changes detected ranged from a 50% decline to a
> 600% increase, with most increases 1yihg between 200% and 300% (Tables 5, 6;
Appendix E, Table 4.)

The observed increases in trawl catches off SONGS involve many species.
However, the majority of these increases represent few fishes per trawl in absolute
terms (Table 5), despite large relative increases (Appendix E, Table 4). In terms
of magnitude of absolute change only the white croaker increases (~ 15 fish per
trawl) can be reasonably considered large in biological terms. All of the remaining
statistically significant cases involved increases of < 2 fish per trawl (mostly < 1
fish per trawl: Table 5). If a trawl with a 25-ft headrope like the one used samples
a path of 12.5 ft (Loesch et al. 1976; Vouglitois et al. 1987), individual trawl-
hauls swept about one-fourth the area sampled by individual hauls of our lampara
seine. However, even if absolute changes in traw] catches are quadrupled in order
to make the areal bases of trawl and seine catches equivalent, the absolute
magnitude of the observed increases in benthics (except large white croaker) is
small compared to the absolute magnitude of the near-SONGS declines in small white

crcaker and (especially) gqueenfish.

The many observed location differences in the length distributions of benthics
during the operational period are generally consistent with the numerous changes in
relative abundances during this period. Less can be said for each of the individual
species involved. For 3/7 of the cases of significant increase (1izardfish and
queenfish), no length data were collected. The recent relative increase in white
croaker off SONGS has been due to greater numbers of both small and large adult fish,

and fewer medium-sized adults (Appendix E, Figs. 56 and 57). No meaningful
‘ location-by-period interaction is apparent in the length distribution of longfin
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eel data actually met the 80% power criterion, using all (serially correlated) data,
but autocorrelation among operational deltas inflated its t-test probability to 0.15
(Appendix E, Tables 4, 7). Power for Pacific sanddab was unavoidably low because of
a broadscale crash in abundance in summer 1982 that was sustained through the |
completion of monitoring in November 1986--no individuals were caught on 64% of the
operational cruises. For queenfish at 18-m depth, the standard deviation of
operational deltas exceeded the deviation of baseline deltas, and both deviations
were too large to realistically expect to detect increases unless they were > 100%
(Appendix E, Table 4).

1.4.1.3 Evidence for Spatial Extents of Impact

Fish Sampled by Seine. Our evaluation of the spatial scale of declines in small,

water-column-oriented queenfish and white croaker near SONGS can partially address
both onshore/offshore and longshore dimensions.

For adult male and female queenfish, an equal number of declines were detected
at the Near Impact location (re]ati?e to Control) and at the Far Impact location
(also relative to Control) (Appendix E, Tables 1, 2). This suggests that, for adult
queenfish, the near-SONGS decline may extend as far as 2-3 km downcoast of SONGS
Unit 1. Only one significant decline was detected at mid-depths (for males: Appendix
E, Table 2). The magnitude of percentage change values revealed no consistent
pattern for catches within 1/2-km of, versus 2-3 km downcoast of, SONGS Unit 1
(Appendix E, Tables 1, 2).

For immature and YOY queenfish, nearly all significant declines were restricted
to the station within 1/2-km of SONGS Unit 1 (Appendix E, Tables 1, 2). Depressions
generally extended to diffuser depths (Appendix E, Table 2). These results suggest
that SONGS' entrapment effects on the smaller, more parochial (DeMartini, Allen,
Fountain, and Roberts 1985) life stages of queenfish are more localized in longshore
extent, and perhaps more persistent (hence detectable at diffuser depths as well as

near the intakes).

Several data provide strong circumstantial evidence that the near-SONGS
declines in adult queenfish have not resulted from SONGS entrapment of juveniles:
(1) Temporal fluctuations in seine catches indicate that queenfish, particularly
adults, make extensive Tongshore as well as diel and seasonal onshoré7offshore

1-36




operational deltas of lampara seine data were generally larger than respective
baseline deviations for samples at both shallow and mid-depths (Appendix E, Tables
1, 2). As long recognized (DeMartini et al. 1981c), the generally larger variations
(in both baseline and operational data) for mid-depth-block lampara samples yield
poorer power for location contrasts at the deeper seining depths (Appendix E, Table
2).

Despite the apparent heterogeneities in the standard deviations of some lampara
data, there were few cases of significantly unequal variances of deltas to
complicate t-test statistics for either type of net monitoring data. The varijances
of deltas differed between periods for only 3/22 tractable cases for seine samples
at shallow depths (Appendix E, Tables 1, 2). There were only 2 instances of unequal
variances among the 16 tractable cases evaluated for benthic fishes (Appendix E,
Table 4). Unanticipated losses of power resulting from decremented degrees of
freedom therefore were generally not a problem in our t-tests.

Serial correlation was a more pervasive complication than variance
heterogeneities for both lampara-seine and other-trawl samples. However, even for
lampara samples at shallow depths, where serial correlation between adjacent cruises
was most often a problem (7/22 cases: Appendix E, Table 1), non-independence could
be successfully extracted from the time series. Perturbation of t-test statistics
was minimal in most cases and was accomplished with loss of only a single degree of
freedom (Appendix E; Tables 1, 2, and 4).

On balance, the power of t-tests realized using the full complement of
operational samples was satisfactory for our evaluation of SONGS' local impact on
pelagic and benthic fishes. In part, this reflected recent declines and chénges in

relative abundances between locations that generally exceeded our design criterion
of 50%.

There were very few cases (in which recent relative changes nominally exceeded
50%) for which t-test results were insignificant (P > 0.10) because of insufficient
power. For lampara data at shallow depths, two nominal but marginally large
declines (both at the Far Impact relative to Control location) were undemonstrable.
These were Pacific butterfish (-56%) and white croaker (-60%). Three cases went
similarly undemonstrated for trawl-caught fishes. A1l were relative SONGS increases
(cusk-eel, 30 m: +53%; queenfish, 18 m: +71%; Pacific sanddab, 30 m: +60%). Cusk-
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3 km downcoast of SONGS (Barnett 1987). Benthos patterns are unknown at 30 m,
though, because samples have not been systematically collected at this depth.
Nonetheless, the species richness and abundance (numbers) of benthic invertebrates
have increased to a disproportionately greater extent off SONGS than at downcoast
control stations, including our and MEC's Stuart Mesa station, in recent years
(Barnett 1987, Table 3-32). If we ovaluate the biomass patterns of our trawl
catches, a consistent picture emerges: although benthic fish biomass generally
declined during the operational period, catches declined relatively less at 18-m and
30-m depths off SONGS, and the pattern is statistically significant at both depths
(Appendix E, Table 14). At least in terms of total biomass of benthic fishes, then,

the observations are consistent with an enrichment of the benthos.
1.4.1.4 Overall Local Effect of SONGS

For two species (white croaker and queenfish), SONGS local effects involve a
tradeoff between nearshore entrapment losses (negative) and a concentration of fish,

. apparently attracted to an enriched benthos, farther offshore (positive). For these

two species, some simple estimates of overall effects are necessary and can be made,
with certain qualifying assumptions.

Assuming that the areal extent of the negative and positive impacts are
similar, the overall effect can be approximated, after adjusting for differences in
area fished by the two types of net, as the difference between the negative change in
seine catches and the positive change in trawl catches. The measure used should be
biomass, not numbers of fish, because body size of the two croakers varies with
distance offshore and water-column position (Appendix E, Table 13).

The calculations proceed as follows: The lampara seine that was used sampled an
average 4,600 m? area (Appendix A, part 1). The otter trawl that was used (7.6 m
headrope) swept a path about half this wide (3.8 m) and travelled an average
distance of about 250 m (Appendix A, part 2). Thus the average trawl traversed about
950 m? area. In order to standardize trawl catches to seine catches, the catches in

our trawls should be scaled upwards by a factor of 4.8.

When the latter factor is applied to the appropriate mean biomass data
(Appendix E, Table 15), the following results are evident: For queenfish, the
outcome is a net deficit of about 21 kg/ha (assuming a catch efficiency for both
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migrations (Allen and DeMartini 1983; DeMartini, Allen, Fountain and Roberts 1985).
(2) Biochemical genetics data (Beckwitt 1983) demonstrate that queenfish, like white
croaker, lack regional genotypic differentiation within the Bight. This lack of

regional variation probably reflects the mixing that must result from movements by
vagile post-recruits in addition to planktonic dispersal during a lengthy (3-mo),

larval period (Beckwitt 1983). We conclude that the near-SONGS declines in juvenile
and adult queenfish have resulted directly from SONGS entrapment of juveniles and

adults, respectively. (See Chapter Two for discussion in terms of magnitude of

entrapment.) |

Fish Sampled by Trawl. Assessment of the spatial scale of increases in benthic

fishes near SONGS is limited to a partial'assessment of onshore/offshore extent; no
stations were sampled at longshore positions between the general SONGS diffuser area
and the Control location 17-20 km downcoast of SONGS.

Several data indicate that the onshore/offshore extent of the effects on
benthic fishes spans both sampling depths, separated by ~ 1 km, at distances ~ 2-3 km
offshore of the SONGS intake structures. These data include the following: (1) the
observed equivalent mix of significant increases at 18- and 30-m stations; (2) the
similar sign of nominal change (increase) at the second of the two depths for
species occurring at both depths and for which abundances significantly increased at
one of the depths; and (3) the general lack of location-by-depth-by-period
interactions to support the hypothesis that the observed changes generally span both
sampling depths. '

Several lines of circumstantial evidence are consistent with the argument that
changes in sediments and benthos off SONGS provide the mechanism for local increases
in benthic fishes. However, the onshore/offshore extent of changes in sediments and
benthos is less certain. First of all, an evaluation of time-series patterns in
sediment organic carbon off SONGS for the period from June 1976-March 1985 (Barnett,
Watts, and White 1986), updated through December 1986 (A. Barnett, pers. comm.),
only weakly suggests that the SONGS Units 2 and 3 diffusers have contributed to an
increase in sediment organics under and offshore of the plume. Relatively few data
on sediment orgénics are available for depths as great as 30 m, however (Barnett,
Watts, and White 1986). Second, final analyses of Marine Ecological Consultants'
benthos data have substantiated increases in motile, subsurface deposit-feeders
(primarily paraonid and capitellid polychaetes) at 18~m depth to a distance of up to
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Southern California Bight (Lynn 1983; Simpson 1984; McGowan 1984). The California
E1 Nino was linked, in ways still incompletely understood, with the trans-Pacific
(perhaps global) SST (sea-surface temperature) anomaly, commonly recognized as the
parent E1 Nino, of 1982-83 (Rasmusson 1984, and references). Planktonic
productivity was significantly lower in the California Current system during 1982-83
(McGowan 1984). Depressed planktonic production continued nearshore through 1984
(Petersen et el. 1986). | |

Shifts in the distribution of spawning adults, and reductions in biomass and
production, have been documented for at least one offshore pelagic fish species
(northern anchovy: Fiedler 1984; Fiedler et al. 1986). Perhaps analogous
distributional shifts and/or stock reductibns have been noted for diverse species of
coastal shelf fishes inhabiting pelagic, rocky-bottom, and benthic (soft-bottom)
habitats (DeMartini et al. 1983f, 1984c, 1985a, 1986, this report; Patton 1985; Love
et al. 1986). Effects on some nearshore fish stocks and/or their depth
distributions seemed to persist through winter 1985. During this period, the
overall average densities of southern California coastal pelagic fishes decreased by
about two-thirds to more than three-fourths at 5- to 16-m depths (i.e., to about 20%
to 30% of average baseline levels: Table 2; Appendix C, Figs. 1, 2). E1 Nino
declines in benthic fishes at 18-30 m were almost as extreme: average levels
dropped about one-half to two-thirds (to ~ 30% to 50% of baseline means: Table 5;
Appendix C, Figs. 3, 4). Even more extreme declines in some benthics occurred at 12
m and (especially) 6 m (Love et al. 1986). The longshore spatial scale of nearshore
fish declines coincident with the California E1 Nino were at least as large as the
San Onofre-Oceanside area (DeMartini et al. 1983f, 1984c, 1985a, 1986) and were
probably bightwide for many or most species (Patton 1985; Love et al. 1986).4

1.4.3 Conclusions

Lampara seine catches of small, water-column-oriented queenfish and white
croaker have declined within 1/2-km of SONGS Unit 1, relative to catches at stations
2-3 km and 18-19 km downcoast of SONGS, during the Units 2,3 operational monitoring
period of April 1984-August 1986. These recent relative declines near SONGS
averaged 60%-80% greater than baseline differences between SONGS and Control
locations. Near-SONGS declines were about the same proportionate size as the
broader-scale E1 Nino stock depressions that influenced all sampling locations for

several years prior to, .and throughout most of, the SONGS-operational monitoring
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seine and trawl of 25%). That is, an increase of ~8 kg/ha in the biomass of large
queenfish near the seabed offshore is overwhelmed by a decrease of ~29 kg/ha in the
biomass of small queenfish near the intakes inshore. For white croaker, the
opposite obtains (again assuming that the catch efficiency is 25% for both seine and
trawl). The net outcome for croaker is a surplus of ~55 kg/ha. The trivial decrease
in biomass of small white croaker around the intakes near shore (< 1 kg/ha) is
swamped by the ~56 kg/ha increase in the bibmass of large adult croaker offshore.
The Tatter figure is the mean of the 38 kg/ha value that results if the 18-m trawl
data are used, and the 73 kg/ha value that results if the 30-m trawl data are used.

1.4.2 Natural Patterns of Abundance
1.4.2.1 Baseline Temporal and Spatial Patterns

Onshore/offshore patterns in abundance are generally evident for coastal
pelagic fishes (Table 2), but longshore patterns were relatively weak compared to
temporal fluctuations during the baseline period (Tables 2, 7; Appendix C, Figs. 1,
2). Diel and biannual temporal scales are important for local nearshore, water-
column-oriented fishes (A11eh and DeMartini 1983; DeMartini, Allen, Fountain, and
Roberts 1985). Data summarized by DeMartini, Allen, Fountain, and Roberts (1985)
exemplify a perhaps general ontogenetic increase in juvenile-adult fish size with
depth (distance offshore) on the coastal shelf.

Seabed-oriented fishes more frequently exhibited baseline longshore
differences, at a given distance offshore, than midwater fishes. Compared to
miawater fishes, benthic fishes also had generally strong onshore/offshore patterns
(Table 5). Baseline temporal patterns were relatively weak for benthics, unlike
midwater fishes (Appendix C, Figs. 3, 4; also DeMartini et al. 1983a,b; DeMartini
and Allen 1984). Ontogenetic increases in average body size with depth are
commonplace for benthic fishes on the southern California shelf (DeMartini and Allen
1984; Love 1983, 1984, 1985).

1.4.2.2 EI Nino Perturbations
During the period from summer-fall 1982 through winter 1984, a mesoscale
(hundreds of kilometers) oceanographic phenomenon now known as the California El

Nino affected the California Current system and allied coastal waters of the
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In sum, we feel that our assessment of SONGS' potential local impact on fish
abundance, based on net monitoring data analyzed by BACI t-test, was suitable and
successful. The realized power of our t-tests was sufficient, with few exceptions,
to detect all reasonably large (> 50%) declines or changes in abundance of target
coastal-pelagic and benthic fishes.
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period. Despite the large proportionate reductions caused by E1 Nino, the absolute
magnitude of additional declines in small queenfish and white croaker off SONGS has
not been trivial. Several other, more truly pelagic taxa (Pacific butterfish,
silversides) have lacked analogous declines off SONGS but have exhibited
equivalently Targe or larger decreases caused by E1 Nino. On balance, the observed
near-SONGS declines in small queenfish and white croaker, and the lack thereof for
butterfish ana silversides, is consistent with species-specific entrapment at
SONGS' offshore intake structures.

In contrast, otter-trawl catches of a majority of a dozen benthic taxa
(including truly benthic fishes and the larger, seabed-oriented individuals of
queenfish and white croaker) increased off SONGS, relative to a station 17-20 km
downcoast of SONGS, during the same period. These relative increases in benthics
were statistically significant for many taxa but involved large absolute increases
only for white croaker. The huge (> 600%) relative increases off SONGS in large
white croaker during the operational period involve differences of ~ 15 fish per
trawl (Table 5). The broadscale E1 Nino declines in epibenthic white croaker prior
to and during the period of new-unit operation were 70%-90% of its baseline
abundances (Tables 5, 6).

We conclude that the observed declines/changes in fish abundance do not
generally reflect either offshore~ or seabed-directed shifts in distribution.
Rather, the recent increases in trawled fishes, particularly white croaker,
contribute to an overall relative increase in benthic fish biomass off SONGS. We
believe that the increase in benthic fishes 