
































...I E. MORDAX G. L1NEATUS
0( 100 mm 100 mm
> 1.0 - 1.0 --------------------.>
a: I ... ...
~ .8 I .8
l/J I

I
LL I
0 .6 I .6

iii
I
I 4

0 .4 .------. .4a: -------1(11Q.

c .2 -------J .2
z
0
0

0 1 2 3 4 0 1 2 3 4

S.POLITUS S . POLITUS • ----. REFERENCE
...I • • UNIT-2
0( 100 mm 100 mm
> 1.0 1.0 .. ... UNIT-3
> -------------.a:
~ .8 ------.------!_-----• ... -
l/J I .8 ... •
LL
0 .6 .6-CD
0 .4

...
.4a:

Q.

C .2 .2
Z
0
0 I

0 1 2 3 4 0 1 2 3 4

DAYS DAYS

Figure 14
Conditional probability of survival of Engraulis mordax, Seriphus politus, and Genyonemus lineatus in the reference net and San Onofre Units 2

and 3 experiments.

(Schuler and Larson 1975) was derived from modeling
studies using adult E. mordax as the principal species for
fine-tuning the design of various system components.

The potential ability of fish in the smallest length-classes
«50 mm) to pass through the 9.5-mm mesh of the traveling
screens and impingement baskets may confound our evalua­
tion of diversion efficiency oflarval and juvenile fishes. Fre­
quently, large schools of larval and juvenile E. mordax
appeared in fish return samples while being totally absent
in the paired impingement samples. This absence may be
attributed to the inability of the traveling screens to adequately
filter the entrained water of fish of this size. Any fish of this
size that was impinged would most likely be washed through
the mesh of the impingement basket by the vigorous action
of the sluicing water. We have observed this to occur at Unit
2, where larval anchovy are occasionally present in the water
surrounding the impingement basket. Very small E. mor­
dax appear especially susceptible because their small lateral
surface area offers little "impingible" surface when com­
pared with deeper-bodied fish of the same length, such as
S. politus. Thus, the high diversion efficiency of small E.
mordax, compared with S. politus, may have been due to
the ability of small E. mordax to pass through the traveling
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screens and impingement baskets. This would bias our
samples toward those small anchovies which were diverted
and hence counted.

There was a lower rate of return for some species in 1985
compared with 1984. The phenomenon does not appear to
be related to differences in fish sizes between years, as return
rates for all size-classes of S. politus and nearly all of E.
mordax were lower in 1985. As one examines the informa­
tion for the two years, we see that the number of fish were
higher in 1985, yet overall return efficiency was lower for
1985. There is a possibility that return efficiency may be
negatively related to fish density. Examination of fish den­
sity patterns are beyond the scope of this paper although it
is of interest biologically. Future studies might consider fish
density when examining return efficiency.

Generally, fishes were not only diverted through the fish
return system, but also survived the experience (based on
our holding-net experiments). However, some species fared
better than others. Engraulis mordax, U. roncador, and X.
californiensis rarely died, while Anchoa delicatissima 3lways
did.



Most fishes survived in the reference nets. However, high
mortality occurred in E. mordax and S. politus. We believe,
at least in the case ofE. mordax, this was due to the species'
apparent inability to school well in numbers less than about
40, a number we were unable to capture at anyone time.

Our diver observations of captured fish in the reference
nets indicate that small numbers of these two species fre­
quently display difficulty in forming schools, show erratic
swimming behavior, and appear to contact the net more often
than individuals within large schools. Obligate schooling
fishes, such as queenfish and anchovy, rely on visual cues
to provide the attractive force between members of the school
(Hemmings 1966, Partridge 1982), and within the school
each member expends less energy than if swimming alone
(Breder 1976). The small numbers of individuals in the
reference nets may deter captured fish from forming cohesive
schools. Any resultant increase in energy expenditure or col­
lisions with the net would certainly have a deleterious influ­
ence on the survivorship of these relatively fragile species.

We noted some size-specific mortality, in E. mordax.
Within this species mortality increased with size. Based on
Figure 13, it would appear that there is a between-unit dif­
ference in size-specific S. politus mortality. However, based
on our analysis of variance, this pattern was seen for day-l
but not for days 2-4.

We also noted differences in survivorship of S. politus
between the two units in 1984 and 1985. For day-l in 1984,
survivorship was lower at Unit 2, but was lower in 1985 at
Unit 3. This occurrence is not readily explainable, even when
attempts were made to use total fish biomass as a covariate.

In some cases, variable survivorship of juveniles in the
holding experiments may reflect the inability of some small
individuals to orient to the discharge flow within the return
conduit. Diver observations indicate that returned queenfish
less than approximately 60 mm in length show a large varia­
tion in their ability to orient to the conduit flow. As they
exit the discharge, most appear to "tumble" out of the con­
duit instead of slowly backing down with the flow, as larger
individuals and members of other species have been observed
to do. Tumbling within the return conduit would certainly
increase the susceptibility of fish to abrasion and subsequent
descaling and may subject them to fast, potentially damag­
ing changes in hydrostatic pressure. Both of these effects have
been demonstrated to cause mortalities in S. politus (Johnson
1981). In addition, we have observed that small queenfish
often appear initially stunned or disoriented upon discharge
from the conduit and are less able to school effectively within
the holding net. These individuals frequently collide with the
net walls and thereby may further increase their trauma.
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Factors we cannot control or test for may also be impor­
tant in determining the survival of fish discharged from the
return system. Some of the fishes which survive passage
through the plant are eaten by predators upon discharge from
the return system. Small groups of barred sand bass (Para­
labrax nebulifer) and kelp bass (Paralabrax clathratus) and
solitary California halibut (Paralichthys califomicus) con­
gregate near the discharge, having apparently associated the
conduit opening with food. However, it is the infrequent
visits of schooling predators such as jack mackerel (Tra­
churus symmetricus), Pacific mackerel (Scomber japonicus) ,
and large S. politus that appear to result in the highest preda­
tion pressure. We observed schools of these predators (as
well as those of California barracuda, Sphyraena argentea)
on 13 of 80 days of observations on the return system's
discharge. Although we have observed this behavior only
occasionally during the day, we do not know how often noc­
turnal or crepuscular predators frequent the fish discharge.
Information such as this may be important in determining
the time and frequency of running the fish return system to
insure maximum survival of return fish.

We should also mention that survivorship in the net is
"relative" survivorship. It is likely lower than true survivor­
ship (excluding predation effects), due to such factors as the
trauma to fish thrust into the holding net and restricted forag­
ing of the individuals.

Although unexplained variations in efficiency of survivor­
ship made the analysis of the effectiveness of the SONGS
fish return system complex, we feel that these results strongly
support the success of the SONGS fish return system. There
is no doubt that this system is a considerable improvement
in fish conservation over previously applied technologies.
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Appendix A
Actual size-measurement data for five species impinged and entrained at Units 2 and 3, San Onofre

Nuclear Generating Station.

Size
(in 1O-mm Engraulis Genyonemus Hyperprosopon Phanerodon Seriphus
increments) mordax lineatus argenteum furcatus politus

1984
10 1
20 30 42
30 1,053 1 526
40 1,511 6 3 9 1,921
50 1,211 15 3 15 2,204
60 582 18 3 4 1,719
70 223 13 15 1 1,657
80 94 41 8 1 882
90 35 14 3 305

100 7 3 6 191
110 3 1 5 329
120 2 248
130 127
140 56
150 1 1 16
160 2 2 8
170 1 6
180 2

1985
10 2
20 161 1 74
30 1,630 36 837
40 2,828 507 1 8 2,954
50 2,037 2,590 27 247 2,875
60 1,130 2,187 96 79 1,897
70 667 482 80 35 1,395
80 251 89 53 16 1,777
90 94 20 18 3 2,198

100 151 7 7 2,332
110 79 2,016
120 33 1,458
130 9 959
140 I 486
150 246
160 2 89
170 3 3 42
180 1 1 6
190 2 2 9
200 2
210
230
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Appendix B
Three-way ANOVA of Engrau/is mordax, Genyonemus lineaJus, Hyperprosopon arge1l/eum, Plumerodon jurcaJus, and Seriphus poliJus for transfonned

return efficiency using matched dates (n = 37) versus all criteria sampling dates for 1984-85. Variable: Ln(l% return).

Species: Engraulis mordax Genyonemus lineatus Hyperprosopon argenteum Phanerodon furcatus 5eriphus politus

Type II Type II Type II Type II Type II

Factor DF 55 P-value DF 55 P-value DF 55 P-value DF 55 P-value DF 55 P-value

Matched dates
Model 7 79.76 0.13 6 36.62 0.50 5 49.86 0.25 5 48.30 0.31 7 153.21 0.001
Error 81 496.45 51 346.47 33 236.47 25 190.95 123 344.40
Year 1 39.35 0.02 1 0.49 0.79 I 19.82 0.11 1 0.01 0.98 1 52.57 0.0001
Size 1 18.18 0.11 1 24.22 0.06 1 3.11 0.51 1 18.85 0.13 1 98.79 0.0001
Site 1 8.03 0.28 1 7.20 0.31 1 0.15 0.89 1 0.11 0.90 1 3.18 0.29
Year*Size 1 0.01 0.98 1 1.30 0.66 * 1 8.67 0.30 1 5.68 0.16
Year*Site 1 9.53 0.24 1 3.51 0.47 0.42 0.81 1 4.15 0.47 1 0.11 0.84
Size*Site 1 0.00 0.98 1 0.79 0.73 0.16 0.80 * 1 0.32 0.74
Year*Size*Size 1 0.26 0.84 * * * 1 0.02 0.93

All dates
Model 7 113.68 0.03 7 100.20 0.08 7 45.97 0.36 6 35.47 0.66 7 136.58 0.0001
Error 130 927.92 90 672.57 58 339.97 40 343.92 217 716.54
Year 1 36.34 0.03 1 13.73 0.18 1 8.46 0.23 1 0.88 0.75 1 40.22 0.0006
Size 1 27.62 0.05 1 26.94 0.06 1 13.69 0.13 1 25.25 0.09 1 92.66 0.0001
Site 1 2.57 0.55 1 13.10 0.19 1 3.03 0.47 1 1.21 0.71 1 1.91 0.45
Year*Size 1 15.62 0.14 1 0.03 0.95 1 1.26 0.64 1 2.13 0.62 1 1.27 0.53
Year*Site 1 10.90 0.22 1 0.39 0.82 1 4.51 0.38 1 0.41 0.83 1 0.70 0.64
Size*Site 1 4.35 0.44 1 28.01 0.06 1 0.81 0.71 1 7.24 0.36 1 0.25 0.78
Year*Size*Size 1 0.08 0.92 1 4.42 0.44 1 0.62 0.74 * 1 3.47 0.31

*Due to zero counts of total abundances at least once during the study. the interaction could not be considered in the model.

Appendix C
Three-way ANOVA of Engraulis mordax, Genyonemus lineatus, and Seriphus poliJus for percent sur-

vivorship in the 96-hour study.

Species: Engraulis mordax Genyonemus lineatus 5eriphus politus

Type II Type II Type II

DF 55 P-value DF 55 P-value DF 55 P-value

Percent survivorship at end of day-l
Model 5 23.90 0.16 6 1.83 0.57 9 104.60 0.01
Error 4 6.55 2 0.60 29 52.96
Year 1 0.28 0.70 1 0.58 0.30 1 0.62 0.56
Size 1 0.07 0.84 1 0.00 1.00 1 0.13 0.79
Site 2 23.56 0.05 2 0.15 0.80 2 33.71 0.01
Year*Size 1 0.11 0.81 * I 4.44 0.13
Year*Site * 2 0.04 0.93 2 41.14 0.01
Size*Site * * 2 9.19 0.10

Percent survivorship from day-2 to end of study
Model 5 13.11 0.36 6 10.14 0.50 9 43.83 0.01
Error 2 2.52 1 0.87 23 18.18
Year I 0.03 0.90 1 4.33 0.27 I 22.07 0.01
Size I 1.65 0.37 I 0.00 1.00 I 0.05 0.81
Site 2 11.25 0.18 2 6.71 0.34 2 7.99 0.02
Year*Size I 0.06 0.85 * I 0.59 0.39
Year*Site * 2 0.68 0.75 2 13.93 0.01
Size*Site * * 2 0.43 0.76

*Due to zero counts of fish at least once during the study. the interaction could not be considered in the model.
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Appendix D
Significant interaction plots of site*year for Seriphus poliJus in the 96-hour study.

16


