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Appendix 11E Reservoir Fish Species Analysis

11E.1 Introduction

This appendix describes analysis used to evaluate potential impacts on aquatic species occupying
reservoirs that may be affected by changes in the operation of the SWP and CVP facilities as a
result of implementing the Project.

Several reservoir fish species are sensitive to changes in reservoir storage (cold-water species)
and water surface elevation (warm-water species) throughout the year. Because the Project is
anticipated to result in changes in reservoir storage and water surface elevations in reservoirs, the
fisheries impact assessment focused on these changes, along with other habitat-based elements.
Taking into account species- and life stage—specific habitat requirements, operational
components of alternatives were assessed to evaluate potential impacts on reservoir fish species.

Reservoirs evaluated include:

o Sites Reservoir

o Shasta Lake

o Lake Oroville

o Folsom Lake

e San Luis Reservoir

There would be negligible changes among alternatives in the operation of Trinity Reservoir
(Appendix 5B2, River Operations, Table 5B2-1-1a to Table 5B2-1-4c; Figure 5B2-1-1 to Figure
5B2-1-12), and there would be negligible differences in Trinity Reservoir storage and water
surface elevation reductions among alternatives. Therefore, no Trinity Reservoir storage or water
surface elevation results are provided in this appendix. Further, because no other CVVP or SWP
reservoirs (e.g., Millerton and New Melones Reservoirs) would be affected by the Project, there
would be no effect of any alternative on these reservaoirs.

11E.2 Methods

For a description of the impact assessment methodology, assumptions, and indicator variables
used in the fisheries and aquatic impact assessment for operational impacts, refer to Appendix
11B, Fisheries Impact Assessment Quantitative Methods and Results. The following summarizes
the potential impacts on fish species based on changes in the indicator variables for each
species/life stage evaluated. Detailed information and results of modeling tools relevant to the
impact analyses for fisheries and aquatic resources are presented in the following appendices.
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As described in Appendix 11B, Fisheries Impact Assessment Quantitative Methods and Results,
it was determined that incremental changes of 5% or less in an indicator variable such as flow or
other indicators based on flow (e.g., WUA) were related to the uncertainties in the model
processing. Therefore, changes of 5% or less are considered to be not substantially different, or
“similar” in this comparative analysis. Differences between alternatives and the No Action
Alternative (NAA) of less than these levels are described below as being similar or only slightly
different.

Because there would be negligible changes among alternatives in the operations of New Melones
Reservoir, and Millerton Lake, there would be negligible differences in reservoir storage
volumes or water surface elevations among alternatives. As described in Chapter 2, the Project
would not affect or result in changes in the operation of the Central Valley Project, Trinity River
Division facilities (including Clear Creek) and thus Trinity River resources are not discussed or
analyzed further in this appendix. Therefore, the results of evaluations for these reservoirs are not
presented.

This section presents a summary of potential mechanisms for impact and the analytical methods
used to assess potential impacts on reservoir fish species.

Changes in CVP and SWP operations under the alternatives could result in changes in reservoir
storage volume, water surface elevation, and water temperature in associated reservoirs.
Variation in reservoir storage, elevation, and water temperature is a function of water demand,
water quality requirements, and inflow; these attributes also change based on the water year type.

11E.2.1. Reservoir Storage Volume

To evaluate potential effects of each alternative on cold-water reservoir fish species, differences
between each alternative and the NAA in modeled monthly average reservoir storage were
calculated during April through November. Although aquatic habitat within the CVP and SWP
water supply reservoirs is not thought to be limiting, and reservoir cold-water fish species are not
considered state or federal special-status species, storage volume is presented as an indicator of
how much habitat may be available to fish species inhabiting these reservoirs.

Because San Luis Reservoir is an offstream storage reservoir that is filled each year with water
exported from the Delta, the temperature stratification in the reservoir is usually eliminated by
the pumping of relatively warm water into the reservoir through the inlet that is located near the
bottom of the reservoir. The releases from San Luis Reservoir are also made through the
intake/outlet structure near the bottom of the reservoir so that the coldest water is released during
the spring and summer. Therefore, there is no cold-water habitat in the reservoir; San Luis
Reservoir is dominated by warm-water fish (largemouth bass and striped bass). As a result, no
analysis of cold-water habitat was conducted for San Luis Reservoir.

11E.2.2. Reservoir Water Surface Elevation

Seasonal temperature stratification is a dominant feature of these reservoirs. There are relatively
distinct fish assemblages within the upper (warm water) and lower (cold water) habitat zones,
with different feeding and reproductive behaviors. Flood control, water storage, and water
delivery operations typically result in declining water elevations during the summer through the
fall months, rising or stable elevations during the winter months, and rising elevations during the
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spring months, while storing precipitation and snowmelt runoff. During summer months, the
relatively warm surface layer favors warm-water fishes such as bass and catfish. Deeper layers
are cooler and are suitable for cold-water species. Drawdown of reservoir storage from June
through October can diminish the volume of cold water, thereby reducing the amount of habitat
for cold-water fish species within these reservoirs during these months. Reservoir storage and
surface water elevations in the reservoirs from the CALSIM Il model were used to analyze
potential effects on reservoir fishes. Water surface elevation in each reservoir was calculated
from storage values and is presented as average end-of-month elevation by water year type.

Warm-water fish species that inhabit the upper layer of these reservoirs may be affected by
fluctuations in storage through changes in reservoir water surface elevations (WSELS). Stable or
increasing WSEL during spring months (March through June) can contribute to increased
reproductive success, young-of the-year production, and juvenile growth rate of several warm-
water species, including the black basses. Conversely, reduced or variable WSEL due to
reservoir drawdown during spring spawning months can cause reduced spawning success for
warm-water fishes through nest dewatering, egg desiccation, and physical disruption of
spawning or nest guarding behaviors. Increases in WSEL are not thought to result in adverse
effects on these species unless there is a corresponding decrease in water temperatures that can
result in nest abandonment. Review of the available literature suggests many self-sustaining
black bass populations in North America experience a nest success (i.e., the nest produces swim-
up fry) rate of 21% to 96%, with many reporting survival rates in the 40% to 60% range (Latta
1956:17, Forbes 1981:3-4, Philipp et al. 1997:561-562, Friesen 1998:36, Knotek and Orth
1998:289, Hunt and Annett 2002:1204, Steinhart 2004:81). This would suggest that much less
than 100% survival is required to have a self-sustaining population. Based on the literature
review, bass nest survival probability in excess of 60% is assumed to be sufficient to provide for
a self-sustaining bass fishery.

A conceptual approach was used to evaluate the effects of water surface elevation reductions on
bass nests based upon a relationship between black bass nest success and water surface elevation
reductions developed by California Department of Fish and Wildlife (Lee 1999:7). Lee (1999:7)
examined the relationship between water surface elevation reduction rates in five California
reservoirs and nesting success for black bass and suggested that a month-over-month reduction
rate of approximately 6 feet or less would result in 60% nest success for largemouth bass and
smallmouth bass. Therefore, a month-over-month reduction in reservoir water surface elevation
of 6 feet or more per month was selected as the threshold beyond which an adverse impact on
spawning success of nest-building, warm-water fish could occur. To evaluate impacts on
largemouth bass, smallmouth bass, and warm-water fish in general, the frequency of simulated
month-over-month reservoir reductions of 6 feet or more was compared between the NAA and
each alternative.

Criteria to evaluate potential effects of reservoir water surface elevation increases (nest flooding
events) have not been developed by CDFW. Because of overall reservoir fishery benefits (e.g.,
an increase in the availability of littoral habitat for warm-water fish rearing), greater reservoir
elevations that would be associated with rising water levels would offset negative impacts due to
nest flooding. Therefore, the likelihood of spawning-related impacts from nest flooding is not
addressed for reservoir fisheries.
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The warm-water fish spawning period was assumed to be March through June. This period
encompasses the majority, if not the entire, primary warm-water fish spawning and rearing
period for the reservoirs included in this impact analysis (Lee 1999:2-3; Moyle 2002:400, 403,
406).

CALSIM II reports end-of-month (EOM) water surface elevations; therefore, water surface
elevations from February to June were used in this analysis (i.e., March fluctuation rate = March
EOM elevation — February EOM elevation). Water surface elevations used in this analysis are
outputs from the monthly CALSIM model, and incremental changes of 5% or less are related to
the uncertainties in the model processing; therefore, changes in the number of years that have
monthly drawdowns of 6 feet or more of less than 2 years are considered to be not substantially
different, or “similar” in this comparative analysis. Changes in the frequency of drawdown
exceeding 4 years are considered substantial and may have a potentially significant impact on
warm-water fish species in the reservoirs.

11E.2.3. Reservoir Water Temperature

Water temperatures in the reservoirs potentially impacted by the Project could change as a result
of altered operations. However, the small changes in lake temperatures that could occur would
not be expected to adversely affect the lakes’ warm-water fisheries. Any changes in water
temperatures in the reservoirs are not anticipated to affect spawning warm-water game fish
nesting success due to the wide water temperature ranges in which they spawn. For example,
black basses reportedly spawn between approximately 54°F and 75°F (Graham and Orth
1986:701; Moyle 2002:400, 403, 406). Due to their wide range in water temperature tolerance, it
is anticipated that during the nesting season (March through June) there would be an adequate
amount of habitat with suitable water temperatures in which warm-water game fish could
successfully spawn, and, therefore, no evaluation of water temperatures in the SWP and CVP
reservoirs was conducted for warm-water game fishes.

11E.3 Results

11E.3.1. Reservoir Storage

Reservoir storage model results were examined for Sites Reservoir, Shasta Lake, Lake Oroville,
Folsom Lake, and San Luis Reservoir during April through November for cold-water fish
species; reductions in average monthly surface elevations of 6 feet or more were examined
during March through June for warm-water species.

11E.3.1.1. Sites Reservoir

Sites Reservoir storage volume for each alternative for April through November are presented in
Table 11E-1. Because Sites Reservoir does not exist under the NAA, no comparison could be
made for Sites Reservoir. Reservoir storage at Sites Reservoir would be greatest under
Alternative 1A (Table 11E-1). However, all alternatives would benefit cold-water reservoir
species relative to the NAA because Sites Reservoir, and the new habitat it would create, would
not exist under the NAA.
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Table 11E-1. Sites Reservoir Storage Volume under Each Alternative (TAF)'

Water Year Type Alt 1A Alt 1B Alt 2 ‘ Alt 3
April
Wet 1373 1350 1180 1314
Above Normal 1140 1094 1031 1050
Below Normal 937 868 812 806
Dry 970 886 822 756
Critically Dry 551 511 483 437
All 1056 1006 915 938
May
Wet 1381 1362 1188 1333
Above Normal 1139 1093 1031 1048
Below Normal 929 843 804 776
Dry 944 849 795 705
Critically Dry 490 451 427 375
All 1042 988 902 918
June
Wet 1382 1365 1189 1338
Above Normal 1140 1052 1031 991
Below Normal 914 816 791 709
Dry 863 769 720 614
Critically Dry 436 395 378 326
All 1014 953 876 873
July
Wet 1374 1358 1182 1330
Above Normal 1123 1018 1014 884
Below Normal 866 765 744 618
Dry 749 659 607 495
Critically Dry 353 312 300 249
All 964 900 827 802
August
Wet 1347 1331 1153 1304
Above Normal 1090 984 980 804
Below Normal 806 704 682 557
Dry 653 564 513 412
Critically Dry 289 250 242 202
All 910 846 774 746
September
Wet 1318 1300 1120 1276
Above Normal 1058 958 949 769
Below Normal 770 673 642 527
Dry 584 501 450 361
Critically Dry 248 212 209 180
All 868 808 733 713
October
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Water Year Type Alt 1A Alt 1B Alt 2 Alt 3
Wet 1306 1289 1110 1267
Above Normal 1063 977 962 796
Below Normal 744 649 615 503
Dry 540 459 410 328
Critically Dry 225 193 189 169
All 848 792 715 701
November
Wet 1326 1303 1129 1282
Above Normal 1072 988 970 811
Below Normal 728 633 600 494
Dry 514 436 395 315
Critically Dry 216 185 180 162
All 846 789 715 703

" No values are presented for the NAA because Sites Reservoir would not yet be constructed.
Alt = alternative; TAF = thousand acre-feet.

11E.3.1.2. Shasta Lake

Differences in Shasta Lake storage volume between the NAA and each alternative during April
through November are presented in Table 11E-2. Differences in reservoir storage under
Alternatives 1A, 1B, and 2 generally would be small relative to the NAA. Storage would be
consistently >5% higher under Alternative 3 in Critically Dry years between July and September,
representing a minor beneficial effect on cold-water reservoir species.

Table 11E-2. Percent Difference in Shasta Lake Storage Volume between Each Alternative
and the NAA'

Water Year Type ‘ Alt 1A vs. NAA Alt 1B vs. NAA Alt 2 vs. NAA Alt 3 vs. NAA

April

Wet 0.0 0.0 0.0 0.0
Above Normal 0.0 0.0 0.0 0.0
Below Normal 0.0 0.1 0.0 0.3
Dry 0.3 09 0.3 1.5
Critically Dry 0.7 1.0 04 2.3
All 0.1 0.3 0.1 0.6

May
Wet 0.0 0.0 0.0 0.0
Above Normal 0.1 0.1 0.1 0.1
Below Normal 0.2 0.7 0.2 0.9
Dry 0.6 14 0.7 2.3
Critically Dry 2.2 2.7 1.9 4.0
All 04 0.7 0.4 1.1

June
Wet 0.1 0.1 0.1 0.1
Above Normal 0.2 1.1 0.2 1.5
Below Normal 04 1.2 0.3 2.5
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Water Year Type Alt 1A vs. NAA Alt 1B vs. NAA Alt 2 vs. NAA Alt 3 vs. NAA
Dry 1.1 1.8 1.2 32
Critically Dry 24 3.2 2.2 4.7
All 0.6 1.1 0.6 1.8
July
Wet 0.1 0.1 0.1 0.1
Above Normal 0.3 1.9 0.3 3.0
Below Normal 0.2 1.3 0.2 3.0
Dry 0.9 1.5 1.0 3.7
Critically Dry 2.6 3.6 2.4 5.3
All 0.5 1.2 0.5 2.3
August
Wet 0.0 0.0 0.0 0.0
Above Normal 0.3 2.1 04 5.0
Below Normal 0.3 1.5 0.2 36
Dry 0.5 1.2 0.6 4.2
Critically Dry 34 3.9 2.6 6.0
All 0.5 1.2 0.5 2.8
September
Wet 0.0 0.0 0.0 0.0
Above Normal 0.3 1.5 0.3 3.7
Below Normal 0.3 1.4 0.2 33
Dry 0.2 0.9 0.2 4.1
Critically Dry 2.8 3.3 2.0 5.5
All 0.4 1.0 0.3 2.5
October
Wet 0.0 0.0 0.0 0.0
Above Normal 0.1 1.2 0.2 2.6
Below Normal 0.3 1.3 0.2 2.7
Dry 0.1 1.1 0.2 39
Critically Dry 1.1 1.9 0.5 4.2
All 0.2 0.8 0.1 2.1
November
Wet 0.1 0.2 0.1 0.2
Above Normal 0.1 1.2 0.1 2.4
Below Normal 0.2 0.8 0.0 1.9
Dry 0.2 0.3 0.4 3.1
Critically Dry 1.3 1.9 0.5 4.5
All 0.2 0.6 0.2 1.9

' A positive value indicates an increase in storage under the alternative relative to the NAA; a negative value indicates
a reduction in storage under the alternative relative to the NAA.
Alt = alternative; NAA = No Action Alternative.
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11E.3.1.3. Lake Oroville

Differences in Lake Oroville storage between the NAA and each alternative during April through
November are presented in Table 11E-3. Differences in storage volume between the NAA and
each alternative would be minimal in all months and water year types analyzed.

Table 11E-3. Percent Difference in Lake Oroville Storage Volume between Each Alternative
and the NAA'

Water Year Type | Alt1Avs.NAA | Alt1Bvs.NAA | Alt2vs.NAA | Alt3vs. NAA
April

Wet 0.0 0.0 0.0 0.0
Above Normal -0.1 -0.1 -0.1 0.0
Below Normal 0.0 0.1 0.0 0.1
Dry -0.7 -0.7 -0.7 -0.3
Critically Dry -0.9 -0.9 -0.9 -0.6
All -0.2 -0.2 -0.2 -0.1
May
Wet 0.0 0.0 0.0 0.0
Above Normal -0.1 -0.1 -0.1 0.0
Below Normal 0.0 0.1 0.0 0.1
Dry -0.8 -0.6 -0.7 0.0
Critically Dry -1.0 -1.0 -1.0 -0.6
All -0.2 -0.2 -0.2 0.0
June
Wet 0.0 0.0 0.0 0.0
Above Normal -0.1 0.0 0.0 0.0
Below Normal 0.3 04 0.3 04
Dry 14 1.7 1.3 1.9
Critically Dry 1.0 0.9 0.8 1.1
All 04 04 0.3 0.5
July
Wet 0.1 0.1 0.1 0.1
Above Normal -0.1 0.0 -0.1 0.5
Below Normal 1.2 1.3 1.1 1.2
Dry 3.9 3.9 36 34
Critically Dry 2.2 2.0 1.9 2.0
All 0.9 1.0 0.9 1.0
August
Wet 0.1 0.1 0.1 0.1
Above Normal -0.1 -0.1 -0.1 0.5
Below Normal 1.3 1.5 14 1.3
Dry 3.2 3.0 2.9 2.6
Critically Dry 0.9 1.0 0.7 0.7
All 0.8 0.8 0.7 0.8
September
Wet | 0.1 0.1 0.1 0.2
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Water Year Type Alt 1A vs. NAA Alt 1B vs. NAA Alt 2 vs. NAA Alt 3 vs. NAA
Above Normal -0.2 0.0 -0.1 0.9
Below Normal 14 1.2 1.5 1.3

Dry 2.9 2.7 2.5 2.1
Critically Dry -0.3 -0.5 -0.7 -0.8
All 0.7 0.6 0.6 0.7
October
Wet -0.1 -0.1 -0.1 0.0
Above Normal -0.1 -0.1 -0.1 0.9
Below Normal 0.3 0.2 0.4 0.5
Dry 03 0.0 0.3 0.1
Critically Dry -2.6 -2.5 -2.6 -1.2
All -0.2 -0.2 -0.1 0.1
November
Wet -0.1 -0.1 -0.1 -0.1
Above Normal -0.1 0.0 -0.1 1.1
Below Normal -0.2 -04 -0.2 -0.1
Dry -0.4 -0.5 -04 -0.2
Critically Dry -2.8 -2.7 -2.8 -14
All -0.4 -0.4 -0.3 0.0

' A positive value indicates an increase in storage under the alternative relative to the NAA; a negative value indicates
a reduction in storage under the alternative relative to the NAA.
Alt = alternative; NAA = No Action Alternative.

11E.3.1.4. Folsom Lake

Differences in Folsom Lake storage between the NAA and each alternative during April through
November are presented in Table 11E-4. Storage would be consistently >5% higher under
Alternative 3 in Above Normal, Below Normal, and Dry water years between July and
November, representing a beneficial effect on cold-water reservoir species.

Table 11E-4. Percent Difference in Folsom Lake Storage Volume between Each Alternative
and the NAA'

Water Year Type | Alt1Avs.NAA | Alt1Bvs.NAA | Alt2vs.NAA | Alt3vs. NAA
April
Wet 0.0 0.0 0.0 0.0
Above Normal 0.0 0.0 0.0 0.0
Below Normal 0.0 0.0 0.0 0.0
Dry 0.4 1.0 0.4 2.4
Critically Dry -1.0 0.0 -0.3 0.5
All 0.0 0.2 0.0 0.5
May
Wet 0.0 0.0 0.0 0.0
Above Normal 0.0 0.0 0.0 0.0
Below Normal 0.0 0.0 0.0 0.0
Dry 0.2 1.1 0.2 2.8
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Water Year Type Alt 1A vs. NAA Alt 1B vs. NAA Alt 2 vs. NAA Alt 3 vs. NAA
Critically Dry -0.7 0.2 -0.3 1.1
All 0.0 0.2 0.0 0.7
June
Wet 0.2 0.2 0.2 0.2
Above Normal 0.5 0.7 0.5 1.0
Below Normal -0.2 0.2 -0.2 0.6
Dry 0.2 1.0 0.2 4.2
Critically Dry -0.3 0.4 -0.1 1.1
All 0.1 0.5 0.2 1.2
July
Wet 0.3 0.3 0.3 0.3
Above Normal 0.6 0.7 0.6 6.4
Below Normal 0.6 0.9 0.6 6.5
Dry 1.0 1.5 1.0 6.3
Critically Dry -0.1 0.8 0.1 1.0
All 0.5 0.7 0.5 35
August
Wet 0.4 0.4 0.4 0.4
Above Normal 0.6 1.6 0.5 6.5
Below Normal 0.6 1.0 04 7.0
Dry 2.5 3.0 2.6 7.7
Critically Dry -1.8 1.9 1.1 -14
All 0.6 1.3 0.9 3.7
September
Wet 0.4 0.4 0.4 0.4
Above Normal 0.4 3.9 0.5 11.8
Below Normal 0.5 1.3 0.7 7.5
Dry 2.8 3.2 2.8 8.3
Critically Dry -2.0 2.0 1.2 -1.8
All 0.7 1.8 1.0 4.5
October
Wet 0.4 0.4 0.4 0.4
Above Normal 04 4.1 04 12.0
Below Normal 04 1.6 0.6 7.9
Dry 2.6 1.9 2.6 6.7
Critically Dry -3.8 0.4 -0.5 0.3
All 04 14 0.8 45
November
Wet 0.1 03 0.1 0.3
Above Normal 0.2 1.9 0.2 7.1
Below Normal 0.2 0.8 0.5 6.1
Dry 0.1 0.9 0.3 5.6
Critically Dry -2.8 0.5 -0.4 -1.8
All -0.2 0.7 0.2 32
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' A positive value indicates an increase in storage under the alternative relative to the NAA; a negative value indicates
a reduction in storage under the alternative relative to the NAA.
Alt = alternative; NAA = No Action Alternative.

11E.3.2. Reservoir Water Surface Elevation Reductions

11E.3.2.1. Sites Reservoir

Sites Reservoir water surface elevation reductions of >6 feet for each alternative during March
through June are presented in Table 11E-5. Because Sites Reservoir does not exist under the
NAA, no quantitative comparison was made for Sites Reservoir. Reservoir water surface
elevation reductions would occur less frequently under Alternatives 1A and 2 and more so under
Alternatives 1B and 3. However, all alternatives would provide a benefit to warm-water reservoir
species relative to the NAA because Sites Reservoir, and the new habitat it would create, would
not exist under the NAA.

Table 11E-5. Sites Reservoir Water Surface Elevation Reductions for Each Alternative
(Difference in Number of Years)'

Water Surface Elevation Reductions of 6 feet or More for Each
Alternative Alternative over the 82-Year Period of Record
March April May June
Alternative 1A 0 3 9 21
Alternative 1B 0 7 12 28
Alternative 2 0 3 9 19
Alternative 3 2 5 20 36

1 No values are presented for No Action Alternative because Sites Reservoir would not yet be constructed.

11E.3.2.2. Shasta Lake

For Shasta Lake, water surface elevation reductions for each alternative for March through June
are presented in Table 11E-6. Comparisons of water surface elevation reductions between the
NAA and each alternative for March through June are presented in Table 11E-7. Under each
alternative, reservoir warm-water fish species habitat conditions in Shasta Lake generally would
be similar to or more suitable than those under the NAA.

Table 11E-6. Shasta Lake Water Surface Elevation Reductions for Each Alternative
(Number of Years)

Water Surface Elevation Reductions of 6 feet or more for each
Alternative alternative over the 82-year period of record
March April May June
No Action Alternative 4 1 20 59
Alternative 1A 5 1 19 57
Alternative 1B 4 1 18 56
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Water Surface Elevation Reductions of 6 feet or more for each
Alternative alternative over the 82-year period of record
March April May June
Alternative 2 5 1 19 57
Alternative 3 4 1 17 54

Table 11E-7. Comparison of Shasta Lake Water Surface Elevation Reductions between
Alternatives (Difference in Number of Years)

Water Surface Elevation Reductions of 6
feet or more for each comparison over the

Comparison 82-year period of record

March April May June
Alternative 1A Relative to No Action Alternative 1 0 -1 -2
Alternative 1B Relative to No Action Alternative 0 0 -2 -3
Alternative 2 Relative to No Action Alternative 1 0 -1 -2
Alternative 3 Relative to No Action Alternative 0 0 -3 -5

11E.3.2.3. Lake Oroville

For Lake Oroville, water surface elevation reductions for each alternative for March through
June are presented in Table 11E-8. Comparisons of water surface elevation reductions between
the NAA and each alternative for March through June are presented in Table 11E-9. Under each
alternative, reservoir warm-water fish species habitat conditions in Lake Oroville generally
would be similar to the NAA.

Table 11E-8. Lake Oroville Water Surface Elevation Reductions for Each Alternative
(Number of Years)

Water Surface Elevation Reductions of 6 feet or more for each

Alternative alternative over the 82-year period of record
March April May June
No Action Alternative 2 1 12 47
Alternative 1A 2 2 13 47
Alternative 1B 2 2 12 47
Alternative 2 2 2 13 47
Alternative 3 2 1 12 47

Table 11E-9. Comparison of Lake Oroville Water Surface Elevation Reductions between
Alternatives (Difference in Number of Years)
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Water Surface Elevation Reductions of 6
feet or more for each comparison over

Comparison the 82-year period of record

March April May June
Alternative 1A Relative to No Action Alternative 0 1 1 0
Alternative 1B Relative to No Action Alternative 0 1 0 0
Alternative 2 Relative to No Action Alternative 0 1 1 0
Alternative 3 Relative to No Action Alternative 0 0 0 0

11E.3.2.4. Folsom Lake

For Folsom Lake, water surface elevation reductions for each alternative for March through June
are presented in Table 11E-10. Comparisons of water surface elevation reductions between the
NAA and each alternative for March through June are presented in Table 11E-11. Under each
alternative, reservoir warm-water fish species habitat conditions in Folsom Lake generally would
be similar to those under the NAA.

Table 11E-10. Folsom Lake Water Surface Elevation Reductions for Each Alternative
(Number of Years)

Water Surface Elevation Reductions of 6 feet or more for each
Alternative alternative over the 82-year period of record
March April May June
No Action Alternative 0 2 2 27
Alternative 1A 1 1 2 26
Alternative 1B 1 1 2 26
Alternative 2 1 1 2 26
Alternative 3 0 1 2 23

Table 11E-11. Comparison of Folsom Lake Water Surface Elevation Reductions between
Alternatives (Difference in Number of Years)

Water Surface Elevation Reductions of 6
. feet or more for each comparison over
Comparison the 82-year period of record
March April May June
Alternative 1A Relative to No Action Alternative 1 -1 0 -1
Alternative 1B Relative to No Action Alternative 1 -1 0 -1
Alternative 2 Relative to No Action Alternative 1 -1 0 -1
Alternative 3 Relative to No Action Alternative 0 -1 0 -4
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11E.3.2.5. San Luis Reservoir

For San Luis Reservoir, water surface elevation reductions for each alternative for March
through June are presented in Table 11E-12. Comparisons of water surface elevation reductions
between the NAA and each alternative for March through June are presented in Table 11E-13.
Under each alternative, reservoir warm-water fish species habitat conditions in San Luis
Reservoir generally would be similar to those under the NAA.

Table 11E-12. San Luis Reservoir Water Surface Elevation Reductions for Each Alternative
(Number of Years)

Water Surface Elevation Reductions of 6 feet or more for each

Alternative alternative over the 82-year period of record
March April May June
No Action Alternative 0 28 60 82
Alternative 1A 0 28 60 82
Alternative 1B 0 27 61 82
Alternative 2 0 28 60 82
Alternative 3 0 27 61 82

Table 11E-13. Comparison of San Luis Reservoir Water Surface Elevation Reductions
between Alternatives (Difference in Number of Years)

Water Surface Elevation Reductions of 6
feet or more for each comparison over

Comparison the 82-year period of record

March April May June
Alternative 1A Relative to No Action Alternative 0 0 0 0
Alternative 1B Relative to No Action Alternative 0 -1 1 0
Alternative 2 Relative to No Action Alternative 0 0 0 0
Alternative 3 Relative to No Action Alternative 0 -1 1 0

11E.4 Impact Conclusions

Reservoir storage model results were examined for Shasta Lake, Lake Oroville, Folsom Lake,
and San Luis Reservoir during April through November for cold-water fish species; reductions in
average monthly surface elevations greater than 6 feet were examined during March through
June for warm-water species.
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11E.4.1. Impacts Associated with Alternatives 1A-3 at Sites Reservoir

11E.4.1.1. Cold-Water Fish Species

Long-term average monthly storage and average monthly storage by water year type during all
months at Sites Reservoir (Table 11E-1) would be expected to be greatest under Alternative 1A
and would be less for Alternatives 1B-3.

However, under the NAA, there would be no habitat for cold-water fish species and it is likely
that the construction of Sites Reservoir under Alternatives 1A-3 would create habitat that
benefits cold-water fish species.

11E.4.1.2. Warm-Water Fish Species

Alternatives 1A and 2 would be expected to have the least number of water surface elevation
reductions, whereas Alternatives 1B would be expected to have the greater number of reductions.
Alternative 3 would be expected to have the greatest number of water surface elevation
reductions (Appendix 11E, Table 11E-5).

However, under the NAA, there would be no habitat for warm-water fish species and it is likely
that the construction of Sites Reservoir under Alternatives 1A-3 would create habitat that
benefits warm-water fish species.

11E.4.2. Impacts Associated with Alternative 1A Relative to the No Action
Alternative

11E.4.2.1. Shasta Lake

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 1A would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions, indicating similar long-term average monthly storage and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-2).

It is unlikely that cold-water fish habitat is limiting in Shasta Lake; therefore, it is unlikely that
changes in reservoir storage under Alternative 1A would have a population level effect on cold-
water fish species in Shasta Lake relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 1A would be expected to provide similar
warm-water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-7).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 1A would have a population level effect on
bass and other warm-water fish in Shasta Lake relative to the No Action Alternative.
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11E.4.2.2. Lake Oroville

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 1A would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-3).

It is unlikely that cold-water fish habitat is limiting in Lake Oroville; therefore, it is unlikely that
changes in reservoir storage under Alternative 1A would have a population level effect on cold-
water fish species in Lake Oroville, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 1A would be expected to provide similar
warm-water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-8).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 1A would have a population level effect on
bass and other warm-water fish in Lake Oroville, relative to the No Action Alternative.

11E.4.2.3. Folsom Lake

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 1A would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions (Table 11E-4) indicating similar long-term average monthly storage, and similar
average monthly storage by water year type during all months of the evaluation period.

It is unlikely that cold-water fish habitat is limiting in Folsom Lake; therefore, it is unlikely that
changes in reservoir storage under Alternative 1A would have a population level effect on cold-
water fish species in Folsom Lake relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 1A would be expected to provide similar
warm-water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-10).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 1A would have a population level effect on
bass and other warm-water fish in Folsom Lake, relative to the No Action Alternative.

11E.4.2.4. San Luis Reservoir

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 1A would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
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storage by water year type during most months of the evaluation period. Average monthly
storage would increase slightly during October in Normal water years, however, in Critically Dry
years, average monthly storage during September would be significantly reduced relative to the
No Action Alternative.

It is unlikely that cold-water fish habitat is limiting in San Luis Reservoir; therefore, it is unlikely
that changes in reservoir storage under Alternative 1A would have a population level effect on
cold-water fish species in San Luis Reservoir, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 1A would be expected to provide similar
warm-water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Tables 11E-12 and 11E-13).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 1A would have a population level effect on
bass and other warm-water fish in San Luis Reservoir, relative to the No Action Alternative.

11E.4.3. Impacts Associated with Alternative 1B Relative to the No Action
Alternative

11E.4.3.1. Shasta Lake

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 1B would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-2).

It is unlikely that cold-water fish habitat is limiting in Shasta Lake; therefore, it is unlikely that
changes in reservoir storage under Alternative 1B would have a population level effect on cold-
water fish species in Shasta Lake, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 1B would be expected to provide similar
warm-water fish nesting conditions, based on modeling results indicating similar or slightly
lower frequencies of monthly water surface elevation reductions of 6 feet or more (Table 11E-7).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 1B would have a population level effect on
bass and other warm-water fish in Shasta Lake, relative to the No Action Alternative.

11E.4.3.2. Lake Oroville

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 1B would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
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conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-3).

It is unlikely that cold-water fish habitat is limiting in Lake Oroville; therefore, it is unlikely that
changes in reservoir storage under Alternative 1B would have a population level effect on cold-
water fish species in Lake Oroville, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 1B would be expected to provide similar
warm-water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-8).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 1B would have a population level effect on
bass and other warm-water fish in Lake Oroville, relative to the No Action Alternative.

11E.4.3.3. Folsom Lake

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 1B would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-4).

It is unlikely that cold-water fish habitat is limiting in Folsom Lake; therefore, it is unlikely that
changes in reservoir storage under Alternative 1B would have a population level effect on cold-
water fish species in Folsom Lake, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 1B would be expected to provide similar
warm-water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-10).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 1B would have a population level effect on
bass and other warm-water fish in Folsom Lake, relative to the No Action Alternative.

11E.4.3.4. San Luis Reservoir

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 1B would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type from April through August of the evaluation period. Average monthly
storage may increase slightly during October through November in normal water years, however,
in Critically Dry years, average monthly storage for September may be significantly reduced.
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It is unlikely that cold-water fish habitat is limiting in San Luis Reservoir; therefore, it is unlikely
that changes in reservoir storage under Alternative 1B would have a population level effect on
cold-water fish species in San Luis Reservoir, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 1B would be expected to provide similar
warm-water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Tables 11E-12 and 11E-13).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 1B would have a population level effect on
bass and other warm-water fish in San Luis Reservoir, relative to the No Action Alternative.

11E.4.4. Impacts Associated with Alternative 2 Relative to the No Action
Alternative

11E.4.4.1. Shasta Lake

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 2 would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-2).

It is unlikely that cold-water fish habitat is limiting in Shasta Lake; therefore, it is unlikely that
changes in reservoir storage under Alternative 2 would have a population level effect on cold-
water fish species in Shasta Lake, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 2 would be expected to provide similar warm-
water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-7).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 2 would have a population level effect on bass
and other warm-water fish in Shasta Lake, relative to the No Action Alternative.

11E.4.4.2. Lake Oroville

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 2 would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-3).

Sites Reservoir Project RDEIR/SDEIS 11E-19
2021



Reservoir Fish Species Analysis

It is unlikely that cold-water fish habitat is limiting in Lake Oroville; therefore, it is unlikely that
changes in reservoir storage under Alternative 2 would have a population level effect on cold-
water fish species in Lake Oroville, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 2 would be expected to provide similar warm-
water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-8).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 2 would have a population level effect on bass
and other warm-water fish in Lake Oroville, relative to the No Action Alternative.

11E.4.4.3. Folsom Lake

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 2 would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-4).

It is unlikely that cold-water fish habitat is limiting in Folsom Lake; therefore, it is unlikely that
changes in reservoir storage under Alternative 2 would have a population level effect on cold-
water fish species in Folsom Lake, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 2 would be expected to provide similar warm-
water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-10).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 2 would have a population level effect on bass
and other warm-water fish in Folsom Lake, relative to the No Action Alternative.

11E.4.4.4. San Luis Reservoir

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 2 would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during most months of the evaluation period. During September of
Critically Dry years, average monthly storage may be significantly reduced.

It is unlikely that cold-water fish habitat is limiting in San Luis Reservoir; therefore, it is unlikely
that changes in reservoir storage under Alternative 2 would have a population level effect on
cold-water fish species in San Luis Reservoir, relative to the No Action Alternative.
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Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 2 would be expected to provide similar warm-
water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Tables 11E-12 and 11E-13).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 2 would have a population level effect on bass
and other warm-water fish in San Luis Reservoir, relative to the No Action Alternative.

11E.4.5. Impacts Associated with Alternative 3 Relative to the No Action
Alternative

11E.4.5.1. Shasta Lake

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 3 would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-2). Average
monthly storage during July through September of Critically Dry years would be slightly higher
under Alternative 3 relative to the No Action Alternative.

It is unlikely that cold-water fish habitat is limiting in Shasta Lake; therefore, it is unlikely that
changes in reservoir storage under Alternative 3 would have a population level effect on cold-
water fish species in Shasta Lake, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 3 would be expected to provide similar warm-
water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-7).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 3 would have a population level effect on bass
and other warm-water fish in Shasta Lake, relative to the No Action Alternative.

T11E.4.5.2. Lake Oroville

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 3 would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during all months of the evaluation period (Table 11E-3).

It is unlikely that cold-water fish habitat is limiting in Lake Oroville; therefore, it is unlikely that
changes in reservoir storage under Alternative 3 would have a population level effect on cold-
water fish species in Lake Oroville, relative to the No Action Alternative.
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Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 3 would be expected to provide similar warm-
water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Table 11E-8).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 3 would have a population level effect on bass
and other warm-water fish in Lake Oroville, relative to the No Action Alternative.

11E.4.5.3. Folsom Lake

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 3 would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage for both Wet and Critically Dry water year types during all months of the evaluation
period (Table 11E-4). Average monthly storage would increase substantially during July through
November in Above Normal, Normal, and Below Normal water years.

It is unlikely that cold-water fish habitat is limiting in Folsom Lake; therefore, it is unlikely that
changes in reservoir storage under Alternative 3 would have a population level effect on cold-
water fish species in Folsom Lake, relative to the No Action Alternative.

Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 3 would be expected to provide similar or
slightly enhanced warm-water fish nesting conditions, based on modeling results indicating
similar or reduced frequencies of monthly water surface elevation reductions of 6 feet or more
(Table 11E-10).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 3 would have a population level effect on bass
and other warm-water fish in Folsom Lake, relative to the No Action Alternative.

11E.4.5.4. San Luis Reservoir

Cold-Water Fish Species

Relative to the No Action Alternative, Alternative 3 would be expected to provide similar
amounts of habitat for cold-water fish species based on modeling results for reservoir storage
conditions indicating similar long-term average monthly storage, and similar average monthly
storage by water year type during most months of the evaluation period. Higher average monthly
storage would occur during September through October in Above Normal water years, August
through November in Normal water years, and November in Below Normal water years. During
September of Critically Dry years, average monthly storage may be significantly reduced.

It is unlikely that cold-water fish habitat is limiting in San Luis Reservoir; therefore, it is unlikely
that changes in reservoir storage under Alternative 3 would have a population level effect on
cold-water fish species in San Luis Reservoir, relative to the No Action Alternative.
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Warm-Water Fish Species

Relative to the No Action Alternative, Alternative 3 would be expected to provide similar warm-
water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Tables 11E-12 and 11E-13).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 3 would have a population level effect on bass
and other warm-water fish in San Luis Reservoir, relative to the No Action Alternative.

Relative to the No Action Alternative, Alternative 3 would be expected to provide similar warm-
water fish nesting conditions, based on modeling results indicating similar frequencies of
monthly water surface elevation reductions of 6 feet or more (Tables 11E-12 and 11E-13).

It is unlikely that a small difference in the number of years with monthly water surface elevation
reductions of greater than 6 feet under Alternative 3 would have a population level effect on bass
and other warm-water fish in San Luis Reservoir, relative to the No Action Alternative.
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