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ABSTRACT

Steelhead spawning and rearing flows were evaluated in the Big
Sur River, Monterey County from 2009 — 2011. A stratified random
design was used to identify sample sites and corresponding
transect locations for mesohabitat sampling of hydraulic and
physical habitat data spanning the anadromous zone of the river
(~ 7.5 miles) at each of three flow levels. One-dimensional (1D)
hydraulic habitat models were then developed using the site-
specific data for each of three river reaches and used to evaluate
flow and habitat relationships for steelhead lifestages using a
median habitat duration approach and time series analyses. Flows
identified by the 1D models incorporate water availability and the
natural flow regime of the Big Sur River, and are presented by
monthly hydrologic condition type (i.e., critical dry, dry, below
median, above median, wet, and extremely wet). Significant flow
losses (- 8 cfs) were observed between USGS 11143000 and
USGS 11143010, which must be factored into future stream flow
requirements for protection of steelhead spawning and rearing in
the Lower Molera Reach of the Big Sur River. A low-flow threshold
analysis was also conducted using empirical data (i.e., water
surface elevations, bed profiles, water depths, etc.) collected from
three distinct flows from randomly identified fixed, cross-channel,
riffle transects and Manning’s equation to evaluate wetted
perimeter and discharge relationships. The low-flow threshold
analysis, which is recognized as a necessary and important
component of an overall stream flow regime assessment, indicated
22 cfs as the low-flow threshold necessary to conserve and protect
the Big Sur River steelhead fishery. Flow criteria were developed
using the above instream flow evaluation information and are
recommended to promote the continued viability of the Big Sur
River steelhead population.

! Stream Evaluation Report No. 14-2, July 2014. Water Branch Instream Flow Program.
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FOREWORD

California's south-central coast steelhead (Oncorhynchus mykiss) populations
have declined from about 25,000 spawning adults per year to fewer than 500
(NMFS, 2007). Consequently, the south-central steelhead Distinct Population
Segment was listed as threatened in 1997 (NMFS, 1997) and reaffirmed in 2006
(NMFS, 2006). The National Marine Fisheries Service (NMFS) later issued the
results of a five-year review and concluded that south-central steelhead should
remain listed as threatened (NMFS, 2011). All of the watersheds in the south-
central coast DPS are impacted by a variety of anthropogenic stressors, but the
most frequent source of threat stems from water management activities, such as
agricultural and urban diversions (NMFS, 2008).

The Department's policy is that the federal Instream Flow Incremental
Methodology (IFIM) will be used to evaluate and develop instream flow criteria
and recommendations for projects which may affect the state’s aquatic
resources. The policy indicates that the IFIM approach will be used to assess the
relationship between flows and habitat because of its benefits and defensibility.
The Public Resources Code (PRC) §10000-10005 outline the Department’s
responsibilities for developing and transmitting flow recommendations to the
State Water Resources Control Board (State Board) for consideration as set forth
in 1257.5 of the Water Code. Consistent with the PRC, the Department has
interest in assuring that water flows within streams are maintained at levels which
are adequate for long-term protection, maintenance and proper stewardship of
those resources. The results from this study component of an overall IFIM on the
Big Sur River are intended to be used, along with other supporting information
and data, to identify stream flow requirements for the Big Sur River pursuant to
CDFW’s PRC mandate.
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INTRODUCTION

The unregulated, free-flowing, Big Sur River is a steelhead (Oncorhynchus
mykiss) stronghold (Wild Salmon Center, 2010) and supports one of the most
important wild steelhead populations on California’s Central Coast. Unlike other
steelhead populations to the north (i.e., Carmel River, San Lorenzo River), the
Big Sur River steelhead population is not dependent upon hatchery production or
rearing activities for maintenance of the population. However, the Big Sur River
steelhead population has declined from historical levels with estimations of fewer
than 100 adults in recent decades (Nehlsen et al. 1991), a population level that
could be even lower today.

Because of its’ high resource value and presence of south-central steelhead, the
Big Sur River was identified as one of the California Department of Fish and
Wildlife’s (Department) priority streams in 2008 for future instream flow
assessments (CDFW, 2008a). In 2009, the Department initiated an Instream
Flow Incremental Methodology (IFIM; Bovee 1982; Bovee et al. 1998) study on
the Big Sur River as part of its responsibility to implement Public Resources
Code (PRC) 810000-10005 through the Department’s Instream Flow Program.
The Big Sur River IFIM study was comprised of investigation elements
specifically designed to identify instream flow needs and to provide the basis for
flow requirements.

The overall design of the Big Sur River IFIM addresses the structure and function
of the riverine ecosystem (Annear et al. 2004) by means of the five core riverine
components (i.e., hydrology, biology, water quality, connectivity, and
geomorphology). Study elements of the Big Sur River IFIM investigations
included: a lagoon study (Allen and Riley 2012); steelhead spawning surveys
(CDFW, 2014); a steelhead passage and habitat connectivity study (Holmes et
al. 2014a); and a site-specific habitat suitability criteria (HSC) study for juvenile
steelhead rearing (Holmes et al. 2014b).

The goal of the current study was to quantify or characterize south-central
steelhead habitat as a function of flow in the Big Sur River using modeling,
hydrologic, and empirical methods. Objectives of this study included to estimate
the habitat index versus flow relationships using one-dimensional (1D) hydraulic
habitat (Riverine Habitat Simulation: RHABSIM) models, and use habitat index
versus flow relationships to develop habitat duration and time series analyses of
steelhead habitat in the Big Sur River under alternative flow scenarios. The
current study report also incorporates other components of the IFIM study,
including the mesohabitat habitat mapping data, water quality (temperature)
monitoring data, hydrological analyses, low-flow threshold analyses, and a
geomorphology (i.e., channel forming flow) analyses.



DESCRIPTION OF STUDY AREA

The Big Sur River, located in southern Monterey County, originates in the steep
canyons of California's Ventana Wilderness within the Los Padres National
Forest (Figure 1). It flows northwesterly through federal and private lands, two
state parks (Pfeiffer Big Sur and Andrew Molera), and a small estuary before
emptying into the Pacific Ocean about 2.8 mi (4.5 km) southeast of Point Sur.
Significant tributaries include Pfeiffer-Redwood Creek, Juan Higuera Creek, Post
Creek and Pheneger Creek (Figure 1).

The Big Sur River is among the larger central coast watersheds supporting
south-central steelhead south of San Francisco Bay (Titus et al. 2010). The Big
Sur River has a watershed of approximately 60 square miles (150 km?2) with no
major dams, diversions, or reservoirs. However, only the lower 7.5 miles of the
river (lower Big Sur River) are accessible to steelhead, with upstream fish
migration blocked either by a partial or complete bedrock barrier, depending on
stream flow conditions.

The lower Big Sur River is situated in what is referred to as the Big Sur River
Valley. The Big Sur River Valley contains one of the three small towns (Posts in
the Big Sur River Valley; Lucia near Limekiln State Park; and Gorda on the
southern coast) that occur in the greater 90 miles of “Big Sur” coastline running
from the Carmel River south to near Gorda and Ragged Point. Big Sur is
generally described as the sparsely populated region of California’s Central
Coast where the Santa Lucia Mountains rise abruptly from the Pacific Ocean.
The name “Big Sur” is derived from the Spanish-language “el sur grande”
meaning “the big country of the south”, referring to its’ location south of the
Monterey Peninsula.

The climate in the Big Sur area is mild year-round, with sunny, dry summers and
falls, and cool, wet winters. Coastal temperatures vary little during the year,
ranging from the 50s Fahrenheit (°F) at night to the 70s °F by day from June
through October, and in the 40s °F to 60s °F from November through May.
Average annual rainfall in Big Sur is 41.94 inches (1,065 mm), with measurable
precipitation falling an average of 62 days each year. The wettest year on record
was 1983 with 88.85 inches (2,257 mm) and the driest year was 1990 with 17.90
inches (455 mm). More than 70% of the rainfall falls from December through
March.

Human population density in the Big Sur area is low, with about 1,000 year-round
inhabitants, according to the 2000 U.S. Census. The Pacific Ocean is located on
the western base of the mountains and offers motorists many vistas and views
varying from at sea level to an over six hundred foot sheer cliff from Highway 1.
The section of Highway 1 through Big Sur is one of, if not the, most scenic driving
routes in the United States.
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Figure 1. Map of lower Big Sur River Watershed.



The hydrology of the Big Sur River is typical of many coastal California streams,
with high winter flows, low summer flows, and variable annual discharges. Most
of the flow occurs in the winter with stream discharge reflecting local and
watershed-wide rainfall patterns. Flows in winter may raise and recede rapidly
associated with rainfall events, while flows in the summer tend to be more stable
and predictable as they recede into the fall months.

Two U.S. Geological Survey (USGS) stream flow gages were in operation during
the study: 1) USGS stream flow gage 11143000, located in Pfeiffer State Park
and 2) USGS gage 11143010 located approximately 7 river miles downstream
(of USGS gage 11143000) in Molera State Park. Gage 11143000 has been in
operation since March of 1950 and is located upstream all known diversions.
Although, Gage 11143000 does not reflect accretion of flow from several lower
river tributaries including Post, Pfeiffer-Redwood, Juan Higuera, and Pheneger
Creeks, and is assumed to reflect the natural flow conditions. Gage 11143010
began operation in 2010 and is located downstream of all river tributaries.

Fishery Resource

The Big Sur River is home to approximately 5 native species of freshwater fishes,
including the anadromous steelhead, Table 1. There does not appear to be any
introduced freshwater fishes in the study area. Steelhead use the area year-
round for migration, spawning, incubation, rearing, and/or emigration (Figure 2).

Table 1. A partial list of fish species in the Big Sur River.

Scientific Name Common Name
Lampetra tridentata Pacific Lamprey
Oncorhynchus mykiss Steelhead

Cottus asper Prickly Sculpin

Cottus aleuticus Coast Range Sculpin
Gasterosteus aculeatus Threespine Stickleback

Jan. | Feb. | March | April | May | June | July | Aug. | Sept. | Oct. | Nov.

Dec.

Adult
Migration

Spawning

Egg Incubation

Emergence/Fry

Juvenile
Rearing

Smolt
Emigration

Figure 2. Life stage periodicity for south-central steelhead in the Big Sur River.




METHODS

Identification of Sampling Sites and Sampling Strategy

The study area spans approximately 7.5 miles (12 km) in length and is divided
into three reaches representing homologous stream segments based upon
gradient, geomorphology, hydrology, riparian zone types, flow accretion,
diversion influence, and channel metrics (Figure 3). The reaches include: 1) the
Lower Molera Reach, which extends from the lower-most part of the river at the
lagoon/river transition to the Molera campground parking lot; 2) the Molera
Reach, which extends from the Molera campground parking lot through Molera
State Park boundary; and 3) the Campground Reach, which extends from the
Molera State Park boundary into Pfeiffer Big Sur State Park near the USGS
stream flow gage (Station 11143000) and the upper end of steelhead anadromy.

Mesohabitat types were numbered sequentially, beginning at the first habitat unit
at the lower end of the Molera Reach and working upstream. Mesohabitat
classification consisted of partitioning the river channel into two main channel
types: main and split channel. There was one split channel section of the river
located approximately 1310 feet (400 m) upstream of the Lower Molera and
Molera Reach boundary. The split channel was 620 feet (189 m) long,
constituted less than 2% of the river channel, and was therefore not included in
the study because it was considered atypical in the study area.

The channel types were further subdivided into low gradient riffle, pool, glide, run,
and shallow run mesohabitat types. Mesohabitat type classifications were
consistent with Flosi et al. (2010) with the exception of the shallow runs. Shallow
runs, unlike the run mesohabitat type, were characterized by a preponderance of
surface agitation and typically included flow obstructions. For the remainder of
this report, mesohabitat data collected make reference to the habitat type and
unit number to apportion sampling effort (Table 2).

Study sites for 1D model sampling were selected using a stratified random
sampling design in each of the three reaches. First, each study reach was
partitioned into three approximately equal sub-reaches based upon the number
of mesohabitat units (units). A study site was then randomly selected in the lower
third, middle third, and upper third of each sub-reach. This process was repeated
until each sub-reach contained one of each of mesohabitat types, Table 3. Units
167-194 were omitted from the random draw of sites because of the significant
amount of anthropogenic activity (camping, swimming, etc.) in this segment of
river. Three transects per unit were selected using the same stratified random
sampling design in each reach (Figure 4, Figure 5, and Figure 6).
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Table 2. Summary of mesohabitat types in Big Sur River study area.

Mesohabitat Unit Type

Low
Gradient Shallow
Riffle Glide Run
(LGR) POOL (GLD) RUN RUN(S)
LOWER MOLERA
# Units 11 11 3 8 0
Total Length (ft) 735 2362 341 974 0
Average Length (ft) 66 217 115 121 0
MOLERA
# Units 43 30 17 31 4
Total Length (ft) | 3615 3219 2641 3478 522
Average Length (ft) 85 108 154 112 131
CAMPGROUND
# Units 70 44 15 32 16
Total Length (ft) | 8225 5102 2024 3343 2418
Average Length (ft) 118 115 135 105 151

Table 3. Sampling sites and corresponding mesohabitat types in Lower Molera,
Molera, and Campgrounds Reaches.

LOWER MOLERA MOLERA CAMPGROUND
Sampling Mesohabitat | Sampling | Mesohabitat | Sampling | Mesohabitat
Unit Type Unit Type Unit Type
14 RUN 55 POOL 195 LGR
16 GLD 62 LGR 205 GLD
17 POOL 73 GLD 211 RUN(S)
18 LGR 77 RUN 217 RUN
25 RUN 102 POOL 219 POOL
26 LGR 110 RUN 244 POOL
27 POOL 111 LGR 245 RUN
28 GLD 112 GLD 258 GLD
31 POOL 148 POOL 260 LGR
35 LGR 152 GLD 274 RUN(S)
36 RUN 154 LGR 300 LGR
37 GLD 161 RUN 301 POOL
324 GLD
330 RUN
333 RUN(S)
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Figure 4. Lower Molera Reach study site locations.
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Identification of Target Flows for Sampling

Mean daily flows and percent exceedance flows for the Big Sur River at USGS
gage 11143000 are presented in Figure 7 and Figure 8, respectively. Since there
are no diversions or dams upstream of USGS gage 11143000, the hydrology
patterns reported at USGS gage 11143000 reflect the natural unimpaired flow
regime. Target sampling flows for hydraulic and habitat data collection were
based upon the 20, 50, and 80 percent exceedance flows of USGS gage
11143000. Percent exceedance flows are typically used as a guideline for
describing the watershed hydrology, as well as for making informed decisions
about water resources planning and management. The percent exceedance
flows between 20 and 80 percent reflect the most commonly observed flows in
the stream, with the 50 percent exceedance flow reflecting the stream’s natural
benchmark. The 80, 50, and 20 percent exceedance flows for the Big Sur River
are 14, 30, and 105 cfs, respectively. Monthly exceedance flows are presented in
Appendix 1.

Structural and Hydraulic Data Collection

Structural and hydraulic data were collected along the descending limb of the
hydrograph from April through September of 2011 at as close as possible to each
of the three target exceedance flows (i.e., high, mid, and low). The data
collected on the transects included: 1) water surface elevations (WSELS),
measured to the nearest 0.01 ft (0.003 m) at a minimum of three significantly
different stream discharges using differential leveling surveying techniques
(CDFW 2013); 2) wetted streambed elevations determined by subtracting the
measured depth from the surveyed WSEL at a measured flow; 3) dry ground
elevations to points at bank-full discharge surveyed to the nearest 0.1 ft (0.031
m); 4) mean water column velocities measured at the points where bed
elevations were taken; and 5) substrate and cover classifications (Table 4) at
these same locations and also where dry ground elevations were surveyed.

Elevational benchmarks were established at each site and we referenced all
elevations to these benchmarks. Water surface elevations were measured at
each bank and in the middle of each transect. If the difference between the three
measurements was less than 0.1 ft (0.031 m), the average of these three values
were considered the transect water surface elevation. If the difference in
elevation exceeded 0.1 ft, the water surface elevation for the side of the river that
was considered most representative was used. WSELSs were collected in each
channel at split channel sites. A top-setting wading rod and Marsh-McBirney
model 2000 water velocity meter were used to measure water depth and
velocities at specific intervals along each transect. Onsite discharge
measurements were made following procedures of Rantz (1982). The stage of
zero flow (SZF), the elevation stage at which flow is equal to zero, was measured
at all pool sites and used for model stage/discharge calibration. All substrate data
collected on the transects were assessed by one observer based on the visually-
estimated average of multiple grains.

11



Mean Daily Flow at Gage 11143000 Big Sur River WY 1951-2010
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Figure 7. Mean daily flow at USGS gage 11143000 on the Big Sur River for water years 1951 through 2010.
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Big Sur River Annual Exceedance Probability Curve
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Table 4. Vegetative and substrate codes.

Vegetative Codes Substrate Codes Size (in)
0 | None 20 None
1 | Filamentous algae 21 | Clay
2 | Non-emergent rooted aquatic vegetation 22 | Sand or silt/sand <0.1
3 | Emergent rooted 23 | Coarse sand/DG 0.1-0.2
aguatic vegetation
4 | Grass 24 | Small gravel 0.2-1
5 | Sedges/rushes 25 | Medium gravel 1-2
6 | Vines/ poison oak 26 Large gravel 2-3
7 | Branches &/or small vegetation < 4 inches, | 27 | Gravel/cobble 3-4
W
8 | Branches &/or small vegetation <4 28 | Small cobble 4-6
inches, OW
9 | Branches > 4 inches, IW 29 Medium cobble 6-9
10 | Branches > 4 inches, OW 30 | Large cobble 9-12
11 | Tree trunks 31 | Small boulder 12-24
< 4 inches, IW
12 | Tree trunks 32 Medium boulder 24-48
<4 inches, OW
13 | Tree trunks 33 | Large boulder >48
> 4 inches, IW
14 | Tree trunks 34 | Bedrock
> 4 inches, OW
15 | Roots and root-wads 35 | Undercut bank

16 | Shrubs < 4 inches

17 | Duff, leaf litter, organic debris

18 | Small woody debris
(< 4 inches), dead

19 | Large woody debris
(> 4 inches), dead

Temporary staff gages were installed and monitored for stream discharge changes

(water surface elevation) during the transect data collection. All field data were checked
for accuracy and completeness by the field crew leader at the end of each field day.

Data were transcribed into electronic format in the office and verified by a quality

assurance reviewer. Digital pictures were taken at each site during each sampling flow.

Schematic drawings of each site were also prepared for each unit.

14




Hydraulic Model Development, Calibration, and Simulation

In general, hydraulic models were developed using the structural and hydraulic data in
the Field Data Entry (FIELDAT) module of RHABSIM? and then data were processed in
the Hydraulic Calibration (HYDSIM) module. The data were then used to simulate
WSELSs and velocities over a range of simulation flows. Once the hydraulic simulations
were completed, habitat suitability data for each steelhead lifestage were input into the
Criteria Curves (CRITERIA) module. Finally, the Habitat Simulation (HABSIM) module
presents the results generated using the HYDSIM and CRITERIA modules and the
results are presented by way of habitat index (weighted usable area (WUA)) curves.

The following are the calibration criteria (Waddle 2001) used to evaluate the
performance of each of the models:

e The mean error of predicted versus measured discharge does not exceed 10%;

e The maximum variance of any one predicted discharge compared to a measured
discharge does not exceed 25%; and

e The difference between measured and predicted WSELSs does not exceed 0.1
foot at a given calibration flow.

Transect weighting factors were calculated and used in each model to ensure
representativeness of available habitats in each reach (Table 5). Run and shallow run
(RUN(S)) transect numbers in the Campground Reach were combined to determine
transect weighting. The one velocity calibration method (Payne 1998) was used to
develop simulation flows using the mid flow velocity profiles from the field data. For
more information, a hydraulic calibration report was prepared (Cowan 2014) which
outlines the calibration flows for each reach-specific model, the process of developing
the bed profiles for each model, velocity adjustment factor results, and overall
calibration summary results.

Water surface elevations were simulated in RHABSIM using the following rating curve
methods: 1) Log-log regression (REG); 2) Manning’s formula (MANSQ); and/or a step
backwater model (WSP). REG was run for all transects. MANSQ was run for all
transects except pool transects. WSP was run for pool transects where the stage of
zero flow for a particular transect was controlled by a downstream point. The method
with the best fit of stage/discharge compared to the user-defined calibration points was
selected as outlined in Cowan (2014).

2 RHABSIM is a commercially available software program from Thomas R Payne and Associates
(currently Normandeau and Associates), Arcata, California. RHABSIM contains the suite of PHABSIM
computer models developed by Milhous et al. 1989.
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Table 5. Transect weighting factors (percent) by reach.

Transect
Weight of Meso | Number of | Weights
Reach Mesohabitat Type | Type Sampled (%) | Transects (%)
LGR 16.7% 6 2.78%
POOL 53.5% 8 6.69%
Lower Molera GLD 7.7% 8 0.97%
RUN 22.1% 7 3.15%
Total 100.0% 29
LGR 26.8% 6 4.47%
POOL 23.9% 9 2.66%
Molera GLD 19.6% 9 2.18%
RUN 29.7% 9 3.30%
Total 100.0% 33
LGR 39.0% 8 4.87%
POOL 24.2% 6 4.03%
Campground GLD 9.6% 9 1.07%
RUN AND RUN(S) 27.3% 18 1.52%
Total 100.0% 41
Total Number of Transects: 103

Habitat Suitability Criteria

Habitat Suitability Criteria for four steelhead lifestages were developed for use in the
hydraulic modeling: <6 cm juvenile rearing, 6-9 cm juvenile rearing, 10-15 cm juvenile
rearing, and adult spawning. The juvenile rearing HSC were developed from a site-
specific study on the Big Sur River during three important rearing seasons: spring,
summer, and fall using a stratified random and equal area sampling design for water
depth and water velocity (Holmes et al. 2014b). The adult spawning HSC were
developed from the literature (Dettman and Kelley 1986; Hampton 1997), and verified
for appropriateness using observations from Big Sur River steelhead spawner surveys
(CDFW 2014).

Habitat Duration and Time Series

The 60-year unimpaired flow record was partitioned into six monthly water type
categories as follows: critically dry, dry, below median, above me