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Cheekspot Goby

Cheekspot goby (llypnus gilberti) range from northern California to southern
Baja. Like the arrow goby, the cheekspot goby inhabit bays, estuaries, and tidal

sloughs. Their benthic eggs are not entrapped.

Most larvae are found close to shore. Approximately 95% of all planktonic
stages are found inside of E-Block (Table 2). A high proportion of larvae
(approximately 80%) are found in A- and B-Blocks. Through the post-flexion

stage, the estimated adult-equivalent loss is 3.04% (Table 3).

Pacific Mackerel

Pacific mackerel (Scomber japonicus) are found worldwide in temperate and
tropical seas. In North America, the Pacific mackerel ranges from Alaska to

Mexico. Their planktonic eggs are entrapped.

Only a small fraction of larvae are found in A- and B-Blocks (Table 2).
Consequently, Pacific mackerel larvae are at relatively low risk to entrapment.
Estimated adult-equivalent loss is relatively low through the post-flexion stage

(0.08%; Table 3).

Note that 0.08% is an overestimate because the population of larvae
probably extends beyond E-Block. Thus we have underestimated the population at

risk (the denominator of entrapment rate) and overestimated adult-equivalent loss.
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Diamond Turbot

Diamond turbot (Hypsopsetta guttulata) range from northern California to
southern Baja and are found on mud and sand bottoms, often in bays and sloughs.

Their planktonic eggs are entrapped.

Most larvae, approximately 85%, are found inshore of E-Block (Table 2).
Larvae may move onshore as they mature, since the proportion of larvae in A- and
B-Blocks increases with age; 100% of post-flexion larvae are found inshore of E-

Block (Table 2).

Although durations of planktonic stages are relatively short, estimated adult-

equivalent loss through the post-flexion stage is 2.1% (Table 3).

Giant Kelpfish

Giant kelpfish (Heterostichus rostratus) range along the U.S. west coast to
southern Baja and are found among rocks with kelp and other algae, to a depth of

40 m. Their eggs are attached to vegetation and are not entrapped.

Most larvae, almost 100%, are found inshore of E-Block (Table 2). 95% of

post-flexion larvae are found in A- and B-Blocks.
Estimated adult-equivalent loss is relatively high (6.9%; Table 3). This
results from high entrapment rate and the long duration of the post-flexion stage

(Table 3).
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Hornyhead Turbot

Hornyhead turbot (Pleuronichthys verticalis) range from northern California
to southern Baja, on soft-bottoms from 9 to 200 m. Their planktonic eggs are

entrapped.

Only a small fraction of larvae are found in A- and B-Blocks (Table 2).
Consequently, the risk to entrapment for hornyhead turbot larvae is relatively low
compared to other taxa and estimated adult-equivalent loss is relatively low through

the post-flexion stage (0.12%; Table 3).

Again, 0.12% is an overestimate of adult-equivalent loss because the
population of larvae surely extends beyond E-Block. Thus we have underestimated

the population at risk and therefore, overestimated adult-equivalent loss.

Kelpfish (Unidentified)

Kelpfish (most likely Gibbonsia elegans) range from Canada to central Baja.
They live in subtidal rocky areas to a depth of 56 m. Their benthic eggs are not
entrapped. All larvae are found inshore of E-Block (Table 2). Estimated adult-
equivalent loss through the post-flexion stage is relatively high (5.0%; Table 3)

because of the high entrapment rate and the relatively long post-flexion stage.
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queenfish and white croaker. However, we can approximate the loss of northern
anchovy, at least for planktonic stages, from losses due to planktonic stages of
queenfish. We use queenfish for this purpose rather than white croaker for two
reasons. First, the density of white croaker was affected by SONGS’ operation while
the density of queenfish was not. Second, the data set for queenfish (especially for
the post-flexion stage) was more complete over the period of sampling, 1978

through 1986, and more appropriate for estimating loss of northern anchovy.

In A- and B-Blocks, post-flexion northern anchovy is 10 times as dense and
has 1.5 times the duration of post-flexion queenfish. Thus, approximately 15 (= 10 x
1.5) times more northern anchovy post-flexion larvae will be entrapped than
queenfish post-flexion larvae. Consequently, northern anchovy will lose
approximately 15 times more adult equivalents than queenfish, assuming the
mortality rates of post-flexion larvae of both taxa are equal. Post-flexion queenfish
account for approximately 30% of all adult-equivalent queenfish lost (Table 3), or
5,400,000 adult fish. Thus, the adult-equivalent loss of northern anchovy due to
entrapment of the post-flexion stage is about 81,000,000 (= 15 x 5,400,000) adult
fish. At 15 g/fish this equals 1,215 MT of northern anchovy. Again, this calculation
assumes, equal mortality for the post-flexion stage of northern anchovy and
queenfish in A- and B-Blocks. While we do not have data to test this assumption, it
is reasonable that post-flexion larvae of similar size and found in the same habitat

should have similar mortality rates.

Earlier stages (flexion, preflexion, and yolksac) of queenfish account for
approximately 10% of all queenfish losses. In A- and B-Blocks, earlier stages of

northern anchovy are 3.5 times as dense and have 1.3 times the duration of post-
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flexion queenfish. Earlier stage queenfish account for approximately 1,800,000 lost
adult-equivalent queenfish. Thus, the adult-equivalent loss of northern anchovy due
to entrapment of these earlier stages is about 8,100,000 (= 4.5 x 1,800,000) adult fish
or 120 MT. This calculation, like that in the previous paragraph, assumes equal
mortality for the earlier planktonic stages of northern anchovy and queenfish in A-
and B-Blocks. Again, we do not have data to test this assumption, although it too is

reasonable for the reasons discussed in the previous paragraph.

Because of their short duration and relatively low abundance in A- and B-
Blocks, loss due to entrapment of northern anchovy eggs is trivial in comparison to

the loss of larval stages.

Thus we estimate loss of adult northern anchovy due to entrapment of
planktonic stages is approximately 89,000,000 fish or 1,340 MT. This is equivalent
to about 0.3% of the average adult stock (3.7 x 101) weighing 534,000 MT
(Appendix B, Table B.5)

We do not estimate the loss of juvenile northern anchovy based on the loss of
juvenile queenfish. This would be inappropriate since we cannot assume that
entrapment rates remain the same as the two taxa mature into adult fish. The MRC
(Technical Report C, 1989) estimated an 87% intake survival of later-stage juvenile
northern anchovy. Thus, losses to the adult stock due to entrapment of older
juveniles may be relatively small. However, entrapment losses of earlier juveniles

would add to losses for planktonic stages.
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4.0 DISCUSSION

4.1 Magnitude of Effects

SONGS’ Units 2 and 3 draw in approximately 6.8x106 m3/day of water (when
six out of eight circulating pumps are operating). This equals 528 meter-wide strips
of A- and B-Blocks per day (approximately 190 km per year). Taxa with high
proportions of planktonic and juvenile stocks in A- and B-Blocks are at highest risk

to entrapment, and therefore have the highest estimated adult-equivalent loss.

In the following discussion, it may help the reader to understand the
magnitude of loss by converting percent adult-equivalent loss into a geographic
context. This is accomplished by multiplying the percent adult-equivalent loss times
the length of the Bight, 500 km. As an example, the 12.7% loss in queenfish is
equivalent to killing all the age 1 queenfish of a given cohort that would be found in
64 km (= 10.9% times 500 km) of shoreline. Note, we expect the effect of SONGS
entrapment on planktonic and juvenile stages to be more widespread (hence,
thinner) than this. Further, this shoreline equivalent assumes no compensation in
preadult stages; compensation in preadult stages would decrease this estimate of
shoreline equivalent. We suggest this geographic context simply as an alternate
means of interpreting the magnitude of adult-equivalent loss. We show the

shoreline equivalents to adult-equivalent loss in Table 6.
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4.1.1 Taxa Whose Juveniles Are Entrapped

We estimate adult-equivalent loss for nine taxa whose juveniles are
entrapped. Of these nine, queenfish and white croaker have relatively high
estimates of adult loss, 12.7% and 7.5% (Table 3). For each taxon, total losses are
essentially equally divided between planktonic and juvenile stages. Total adult-
equivalent loss is high for queenfish because of the relatively large fraction of the

post-flexion stage found in waters entrapped by SONGS’ A- and B-Blocks.

For six of these nine, entrapment rates for the juvenile stage are not
estimable, and we estimate adult-equivalent loss through the post-flexion stage only.
Three of the six have relatively low proportions of planktonic stocks living in A- and
B-Blocks and consequently have trivial estimates of adult-equivalent loss: northern
anchovy (less than 0.1%), kelp and barred sand bass (0.08%), and salema (0.36%).
Even these relatively low estimates of loss are probably overestimates, since
planktonic stages probably extend beyond E-Block for both these taxa; adding in
juveniles will make little difference. Four of the six have relatively high estimates of
adult-equivalent loss: California grunion (4.6%), black croaker (3.9%), California
corbina (3.6%), and jacksmelt (2.5%). Since SONGS also entraps juveniles for

these taxa, these are underestimates.

However, we believe that adult-equivalent loss of the juvenile stage of these
six taxa is less than that estimated through the planktonic stages, because as
juveniles mature they move out of the area of high risk to entrapment.
Consequently we expect that the total adult-equivalent loss (for eggs, larvae and

juveniles) must be less than twice that through post-flexion for these taxa. We
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believe this for the following reason. For both queenfish and white croaker, whose
planktonic, juveniles and adult stages all live in the inner-nearshore midwater zone,
estimated adult-equivalent losses through post-flexion and for juveniles are
approximately equal (Table 3). Therefore, we expect the maximum total adult-
equivalent loss to be approximately twice that through post-flexion. For these other
taxa with entrapped juveniles, this is not the case: planktonic stages found in the
inner-nearshore midwater depths are at greater risk than juveniles, since juveniles
move out of the inner-nearshore midwater to adult habitats. Thus for these taxa, we
expect adult-equivalent loss for the juvenile to be less than that for the planktonic

stages.

Our estimate of relative adult-equivalent loss is less than 0.1% for northern
anchovy. Most northern anchovy larvae (and presumably juveniles) are found

offshore of E-Block and are at low risk to entrapment.

SONGS also entrains the juvenile stage of viviparous perch (barred
surfperch, kelp perch, pile perch, rainbow seaperch, rubberlip seaperch, shiner
perch, walleye surfperch, white seaperch). As with the juvenile stage of other taxa,
we do not have sufficient data on estimates of either field abundance or numbers
entrapped to estimate adult-equivalent loss. Further, we can not estimate adult-
eduivalent loss for the juvenile stage of perches as we did for northern anchovy,
queenfish and white croaker (Appendixes B, C and D) since planktonic stages do
not exist. However, we believe that adult-equivalent loss of these perches is
probably small since juveniles are born into adult habitats and are at low risk to

intake withdrawal.
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4.1.2 Taxa Whose Juveniles Are Not Entrapped

For eight of the twelve taxa whose juvenile stages are not entrapped,
proportions of planktonic stocks living in A- and B-Blocks are high enough and
durations of planktonic stages are long enough to result in an estimated adult-
equivalent loss greater than 1%: giant kelpfish (6.9%), unidentified kelpfish (5.0%),
cheekspot goby (3.0%), reef finspot (2.9%), arrow goby (2.6%), shadow goby
(2.1%), diamond turbot (2.1%), and California clingfish (1.4%). The other four
taxa have relatively low proportions of planktonic stocks living in A- and B-Blocks,
and consequently have very low estimates of adult-equivalent loss: blennies
(0.13%), hornyhead turbot (0.12%), California halibut (0.11%), and Pacific
mackerel (0.08). Even these relatively low estimates of adult-equivalent loss are
probably overestimates, since planktonic stages likely extend beyond E-Block for
these taxa. Thus, we have underestimated larval populations at risk and

overestimated their entrapment rates.

4.2 Potential Losses to the Adult Standing Stock

We estimate potential loss to the standing stocks of adults to be 551 MT
(18,000,000 fish) and 394 MT (4,100,000 fish) for queenfish and white croaker,
respectively. While estimated less directly than for queenfish and white croaker, we
estimate the loss for planktonic stages of northern anchovy to be approximately
1,340 MT (89,000,000 fish). These losses are for all year classes combined and
require the accumulated effects of plant operation over the number of years equal
to the oldest fish in the stock. These estimates of loss may be likened to fishery

catches where the catch does not result in a long-term reduction equal to the catch.
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Total estimated potential loss in biomass for northern anchovy, queenfish,
and white croaker sums to over 2,290 MT. This estimate does not include either the
juvenile stage of northern anchovy or the adult equivalents of all other entrapped
taxa. Northern anchovy, queenfish and white croaker account for approximately
70% of all entrapped larval stages. We do not approximate a loss in biomass for the
taxa which make up the additional 30% because, in general, their larval and juvenile
stages differ in habitat, and probably mortality rates, from those of northern

anchovy, queenfish and white croaker.
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Table 1

| Common and scientific names.

Common Name Scientific Name
Arrow goby Clevelandia ios
Black croaker Cheilotrema saturnum
Blenny (unid.) Hypsoblennius spp.
Calif. clingfish Gobiesox rhessodon l
| Calif. corbina Menticirrhus undulatus
1 Calif. grunion Leuresthes tenuis i
Calif. halibut Paralichthys califomicus
Cheekspot goby Iiypnus gilberti l
Pacific mackerel Scomber japonicus v
Diamond turbot Hypsopsetta guttulata
Giant kelpfish Heterostichus rostratus l
Hornyhead turbot Pleuronichthys verticalis
: Jacksmelt Atherinopsis califoriensis I
% Kelp and barred sand bass Paralabrax spp.
‘ Kelpfish (unid.) Gibbonsia type a I
| Northern anchovy Engraulis mordax
| Queenfish ‘Seriphus politus {
| Reef finspot Paraclinus integripinnis I
| Salema Xenistius californiensis
| Shadow goby Quietula y-cauda l
| White croaker Genyonemus lineatus l
|
‘ 1
i
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