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1 INTRODUCTION 

1.1 Background  

Pismo Creek is comprised of four major tributary basins which drain a 47 square mile watershed 
that transitions from mountainous headwater terrain (maximum elevation approximately 2,900 ft 
above mean sea level) to lower gradient valley depositional areas before draining to the Pacific 
Ocean at the town of Pismo Beach. Within the watershed, three major tributary basins originate in 
the Santa Lucia Mountains: West Corral de Piedra Creek, East Corral de Piedra Creek, and 
Cañada Verde. These tributaries cumulatively measure about 53 miles in length. The fourth 
significant tributary, Cuevitas Creek, enters Pismo Creek from the west in lower Price Canyon. 
West Corral de Piedra Creek is dammed by the Righetti Dam approximately 9.5 miles from the 
ocean; and permitted for water diversion of 991 
acre-feet per year (AFY) by the State Water 
Resources Control Board. In addition to surface 
flows within creek channels, there are at least six 
off-stream impoundments on private property. Land 
uses within the watershed include agriculture (~77% 
of watershed area) and urban-residential (~23% of 
watershed area). 
 
Steelhead (anadromous Onchorhynchus mykiss) 
found in the Pismo Creek watershed belong to the 
South-Central California Coast Distinct Population 
Segment (DPS), which includes most streams in 
Monterey, San Benito, Santa Clara, Santa Cruz, and 
San Luis Obispo counties between the Pajaro River 
and the Santa Maria River (NMFS 1997, 2006). 
Within this DPS, the population of steelhead within the Pismo Creek watershed has been 
identified as a Core 1 population which means they have the highest priority for recovery actions, 
have a known ability or potential to support viable populations, and have the capacity to respond 
to recovery actions (NMFS 2012). One critical recovery action listed by the National Marine 
Fisheries Service (NMFS) includes the implementation of operating criteria to ensure streamflow 
allows for essential steelhead habitat functions (NMFS 2012). 
 
Sufficient flows are required to support upstream migration of adult steelhead to spawning habitat 
during winter, and to support downstream migration of juveniles during spring. Flow conditions 
can impact juvenile steelhead at other times of the year by preventing or restricting access to 
habitat during the rearing period, direct mortality of juvenile steelhead can occur when low flows 
isolate fish in disconnected or dewatered habitats, subjecting them to predation or stranding. 
Lower flows may also decrease invertebrate production and drift, reducing available food supply 
and negatively affecting growth (Stillwater Sciences 2007). For example, Harvey et al. (2006) 
showed that even small reductions in streamflow significantly decreased food delivery, which 
resulted in decreased rainbow trout growth in a coastal stream. 
 
Under current conditions flows in Pismo Creek are generally very low during the spring and 
summer rearing period (Table 1), while winter peak flows are generally high (Shaw et al. 2008).  
In 2004 a complaint was filled with the State Water Resources Control Board (SWRCB) related 
to the Righetti Dam and associated water rights on West Corral de Piedra Creek regarding the 
issues of possible permit violations, dewatering of a tributary that contains high quality steelhead 
habitat, and protection of the public trust.  
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In 2004 NMFS Enforcement Agent Tom Gaffney documented at the request of the SWRCB, that 
the current conditions of water release from Righetti Dam at the upper end of West Corral de 
Piedra Creek are damaging the public trust resources in West Corral de Piedra Creek tributary 
(Tom Gaffney letter to SWRCB, Nov 8, 2004). He reviewed the existence of public trust 
resources in the creek including more than 40 sightings of steelhead between the years of 1958–
2003. He further documented that the resources are being damaged by diversions from the stream 
by water rights holders, primarily the Righetti Dam, and not by normal variations in water supply.  
 
Table 1. Calculated mean monthly flows (cfs) during June—October in Pismo Creek at Highway 
One. Flow estimates for Pismo Creek during June through October is based on the relationship 
between the long-term (1968—2007) measured mean daily discharge on Lopez Creek and the 

short-term (1991—1992) record on Pismo Creek (Shaw et al. 2008).  

 Month 
June July August September October 

Average 3.16 1.74 1.05 0.82 1.00 
Min 0.03 0.01 0.00 0.01 0.02 
Max 26.58 15.18 8.63 7.62 7.33 
Median 0.87 0.23 0.13 0.11 0.20 

 
 
In “Guidelines for Maintaining Instream Flows to Protect Fisheries Resources Downstream of 
Water Diversions in Mid-California Streams (CDFG and NMFS 2002), it is stated that “if the 
[Cumulative Flow Impairment Index] CFII is >10%, then there is a reasonable likelihood of 
significant cumulative impacts; where the CFII is estimates as the cumulative diverted volume 
divided by the estimated unimpaired runoff.  
 
When the CFII is >10%, site specific studies will be required to assess impacts and the water 
right permit Applicant is referred to NMFS & DFG…..” Mr. Gaffney (letter to SWRCB, Nov 8, 
2004) calculated a CFII of 53% for the average Water Year of 2003, based on the Cal Poly rain 
gauge recording of 22.92” inches of precipitation; well above the threshold for a reasonable 
likelihood of significant impacts.  
 
The SWRCB considered the 2004 complaint to determine if the allegations brought in the 
complaint were still outstanding; and in 2013 concluded that the permit holders took corrective 
actions to comply with the terms and conditions of the subject rights (SWRCB 2013). The 
SWRCB therefore closed the complaint, while noting that the issue of identifying instream flows 
necessary to protect steelhead was unanswered, and would be addressed in the California 
Department of Fish and Wildlife’s (CDFW) funded study results presented in this report.   
 

1.2 Goals and Objectives 

The Pismo Creek Watershed Management Plan (WMP) (CCSE 2009) was developed as a 
comprehensive assessment with the overarching goal of providing findings and recommendations 
that could be implemented to improve ecological conditions in the Pismo Creek watershed. The 
WMP identified summer instream flows as a primary limiting factor for steelhead production in 
the watershed, consistent with the findings of CDFW habitat assessment of the watershed (CDFG 
2005). Based on the existing need to better assess impacts of reduced instream flows in the Pismo 
Creek watershed (and per Grant Agreement P1240404), our goal of this study was determine the 
amount of flow that will protect basic ecological functions for steelhead in the Pismo Creek 
watershed, the following specific objectives: 
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1) Determine if the existing water rights conditions/flow requirements are protective of steelhead; 
  
2) Establish a flow objective that CCSE could work towards through individual land owner 
outreach efforts; and 
  
3) Provide a minimum flow recommendation that CDFW can submit to the Water Board to 
address PRC code mandates. 
 
There are many ecological functions of instream flows throughout the year, including sufficient 
flow for fish migration and rearing (Figure 1), suitable water quality in the lagoon, and essential 
geomorphic processes. Our central focus is on evaluating a range of flows (based on the range 
likely to have occurred under unimpaired conditions) to assess their ability to protect basic 
ecological processes, which occur throughout the year, but are most exacerbated when flows are 
at their lowest (late spring through fall).   
 
Flows to protect ecological function that this study will address include: 

• Migration (upstream and downstream) of adults, juveniles, and smolts; 
• Food production in riffles; 
• Maintenance of fry and juvenile salmonid rearing habitat; and 
• Maintenance of suitable spawning habitat conditions. 

 

 
Figure 1. Example hydrograph showing seasonal flow variation typical of a south-central 

California coastal watershed, with likely life history timing of steelhead (Shapovalov 
and Taft 1954).  
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2 METHODS 

Two distinct methods were used to assess instream flows in the Pismo Creek watershed, 
including: (1) Habitat Criteria Mapping (HCM), and (2) 1-dimensional physical habitat 
simulation (PHABSIM) modeling. HCM was used to obtain direct measurements of stream 
conditions and the PHABSIM model was used to quantitatively assess the functional relationship 
between flow and aquatic habitat over a range of flows.  
 
The general approach to assessing instream flows in the Pismo Creek watershed using HCM was 
to conduct repeated field observations within distinct study reaches at a range of relatively low 
flows to assess available habitat. Fish passage was assessed, and spawning and rearing habitat in 
the study reaches was mapped. The general approach to HCM was to delineate the areas of 
suitable spawning and rearing habitat in the field based on habitat criteria representative of 
critical life stages of steelhead in the Pismo Creek watershed. The delineation of suitable habitat 
areas was conducted at a range of flows likely to have occurred under unimpaired conditions. The 
total amount of habitat available for each life stage and at each flow in the study reaches was 
measured based on summing the areas of delineated habitat. 
 
HCM was used to provide a direct measure of the amount of habitat available for steelhead at 
specific flows within the range of historical base flow, as well as direct and measured assessment 
of potential food production. However, HCM does not allow a quantitative assessment of flows 
that are not observed or observable. Therefore a 1D PHABSIM was also conducted to 
quantitatively assess the functional relationship between flow and aquatic habitat using methods 
consistent with Bovee (1997), Bovee et al. (1998), and Milhous et al. (1984). Both methods used 
the same focal species and life-stages, study reaches, but differed in the techniques used to 
evaluate instream flow requirements, as described below.  
 

2.1 Technical Advisory Committee 

A Technical Advisory Committee (TAC) was created to engage stakeholders in the project. The 
TAC included CDFW, NMFS, the Coastal San Luis Resource Conservation District (RCD), 
Regional Water Quality Control Board (a watershed group member serves on the Region 3 
Board), Central Coast Salmon Enhancement (CCSE), community members, ranchers, and farmers 
who live and work in the watershed. These technical and stakeholder groups have met regularly 
to assist and advise the project team in the instream flow assessment activities described below.  
 

2.2 Study Area  

The Study Area includes the mainstem Pismo Creek, East Corral de Piedra Creek, and West 
Corral de Piedra Creek downstream of the Righetti Dam. In 2008, Shaw et al. (2008) (Appendix 
B to CCSE 2009) conducted a watershed-wide investigation in order to characterize the 
hydrologic processes in the Pismo Creek watershed and identified four major geomorphic zones 
in the watershed, including the Upper Watershed, Edna Valley, Price Canyon and San Luis 
Range, and Pismo Lagoon and Coast. Groundwater discharge into the channel (gaining reaches) 
tends to occur within localized areas in the steep Franiscan Melange formations, and within 
localized areas of Price Canyon, while stream reaches tend to lose water as they cross the 
Quaternary sedimentary deposits of Edna Valley (Figure 2). Based on these geomorphic zones, 
and considerations for hydrologic processes, the watershed was separated into four study reaches 
(Figure 2), described below. Within each study reach, a representative study site was selected in 
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collaboration with the TAC for data collection efforts (see Sections 2.3–2.4 for detailed 
description). Each study site was habitat typed to identify and enumerate pool, riffle, and run 
habitats for subsequent observations and to facilitate repeated observations at the same locations.  
 

 
Figure 2. Study Area. 
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2.2.1 Reach 1 

Study Reach 1 is at the downstream extent of Price 
Canyon, and is within the San Luis Range (Figure 2). 
This reach is downstream of all major tributaries, and is 
responsive to all upstream sources of water, including 
Canada Verde, which appears to be a significant source 
of late-summer baseflow (CCSE 2009). Price Canyon is 
a narrow drainage with significant exposures of 
petroleum- and water-bearing Early to Mid-Tertiary 
sedimentary formations, and the coastal area at the 

downstream end of the watershed is within Pre-Quaternary crystalline formations. Within Price 
Canyon the Freeport McMoRan oil field recently constructed a Produced Water Reclamation 
Facility, which holds a permit to release a maximum of 1.3 cfs of treated water into lower Pismo 
Creek, including Reach 1 (CCRWQCB 2013). Boughton and Goslin (2006) designated this reach 
as high potential for steelhead rearing, and in this study we assessed steelhead rearing habitat, and 
fish passage requirements in relation to instream flows. Within Reach 1, a 424 foot study site was 
established to capture representative conditions in lower Pismo Creek. Results from Reach 1 were 
extrapolated to lower Pismo Creek (mainstem from just upstream of tidal influence to the 
confluence of West and East Corral de Piedra creeks).  
 

2.2.2 Reach 2 

Study Reach 2 is upstream of Price Canyon, and 
includes the downstream most portions of West 
Corral de Piedra Creek and East Corral de Piedra 
Creek (Figure 2). This reach is downstream of most 
substantial water diversions, and upstream of the 
Freeport McMoRan oil field. Boughton and Goslin 
(2006) designated this reach as high potential for 
steelhead rearing, and in this study we assessed 
steelhead rearing habitat, and fish passage 
requirements in relation to instream flows. Within 
Reach 2, a 949 foot study site was established to 
capture representative conditions in the reach, 
including about 470 feet of West Corral de Piedra Creek and about 150 feet of East Corral de 
Piedra Creek. This reach rarely had visible surface water during the period of study, and was 
normally dry or barely wetted. Under the existing conditions steelhead rearing is not anticipated 
to occur, although conditions to support fish passage are critical to allow adult steelhead to 
migrate though this reach to suitable habitat upstream, and for smolts to migrate downstream. 
Therefore in this study we assessed steelhead fish passage requirements in relation to instream 
flows. Because surface flow over 0.5 cfs was not observed during the three years of this study 
(2013–2016) no direct assessments for passage were conducted, and indirect evaluations were 
necessary. 
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2.2.3 Reach 3 

Study Reach 3 is within West Corral de 
Piedra Creek, which flows through the 
Edna Valley (Figure 2). Edna Valley is a 
wide alluvial zone with flat Franiscan 
Melange and flat Quaternary sedimentary 
deposits, separated from Price Canyon by 
the Edna Fault Zone. This reach is highly 
infiltrative, and surface flow is rarely observed. No flow has been observed within this reach for 
over four years. Boughton and Goslin (2006) designated this reach, and the East Corral de Piedra 
Creek in the Edna Valley, as having low potential for steelhead rearing. Steelhead rearing is not 
anticipated to occur in this reach, although conditions to support fish passage are critical to allow 
adult steelhead to migrate though this reach to suitable habitat upstream, and for smolts to migrate 
downstream. Therefore in this study we hoped to assess steelhead fish passage requirements in 
relation to instream flows. Because surface flow was not observed during the three years of this 
study (2013–2016) no direct assessments for passage were conducted, and indirect evaluations 
were necessary. 
 

2.2.4 Reach 4 

Study Reach 4 is within the Upper Watershed, which is a 
mountainous area with steep Franiscan Melange deposits 
separated from Edna Valley by the Huasna Fault Zone 
(Figure 2). This reach is within the gaining Franiscan 
mélange reach, downstream of the most significant water 
diversion in the watershed at Righetti Dam (991 AFY), and 
upstream of smaller water users. Boughton and Goslin 
(2006) designated this reach as high potential for steelhead 
rearing, and in this study we assessed steelhead rearing 
habitat, and fish passage requirements in relation to 

instream flows. Within Reach 4, a 1,003 foot study site was established to capture representative 
conditions in the reach. 
 
The channel morphology is similar within West and East Corral de Piedra creeks, since both 
traverse through the same geologic terrains. Although this study focused on Study Reach 4 within 
West Corral de Piedra Creek where site access was feasible, flows within East Corral de Piedra 
Creek were targeted to qualitatively assess if both channels respond similarly to flow. 
Accordingly, results from efforts in Reach 4 were extrapolated to the portions of West and East 
Corral de Piedra creeks that were upstream of the Edna Valley, and within geologic deposits that 
commonly support perennial flows and thus a high potential for steelhead rearing habitat.  
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2.3 Habitat Criteria Mapping (HCM) 

2.3.1 Suitable habitat criteria 

The suitable habitat area for key life stages of 
steelhead was mapped over a range of 
seasonal flows to evaluate the effects of 
changes in instream flows on the habitat 
available in the Pismo Creek watershed. The 
mapping approach used for this study relies 
on habitat criteria thresholds to define suitable 
habitat for critical life stages of steelhead. The 
development of the habitat criteria presented 
in this document was based on a review of the 

scientific literature to identify critical life stages of the focal species and critical habitat 
characteristics such as water depth and velocity. The steps used for selecting habitat criteria 
included: (1) reviewing available information, (2) identifying critical life stages for the focal 
species, and (3) selecting criteria values representing “good” habitat for each species and life 
stage. 
 
Available information including peer-review scientific literature was used to identify potential 
critical life stages for steelhead and associated habitat criteria values. The selection of critical life 
stages for steelhead depends on the life history and whether information is available to define 
meaningful criteria thresholds. Critical life stages for steelhead for this study include: 

• Adult migration, 
• Spawning, 
• Age 0+ fry, 
• Age 1+ juvenile spring rearing, 
• Age 1+ juvenile summer rearing, and 
• Juvenile migration (rearing and smolt outmigration). 

 
Habitat criteria values for mapping available habitat were developed based on the range of values 
reported in available literature sources for each life stage. With the substantial amount of 
information available on anadromous salmonid habitat utilization, there is a large range of values 
reported in the literature. One reason for the range is that many reported observations are from 
relatively poor habitat. Utilization of poor habitat can be a result of environmental pressures such 
as predation risk which force fish to use habitat they wouldn’t otherwise use. Therefore, an effort 
was made to define a range of “good” habitat for evaluating the effects of different flows on the 
availability of suitable habitat in the Pismo Creek watershed. 
 
The ranges of habitat criteria values considered to represent suitable habitat were selected based 
on the habitat criteria values derived from the literature and professional judgment. Datasets used 
to develop habitat suitability criteria (HSC) were also considered to ensure consistency with 
PHABSIM modeling (Section 2.4, Attachment A). Habitat criteria values reported in studies 
conducted for species, locations, and using study methodologies considered applicable to the 
Pismo Creek watershed were given highest consideration. 
 
Specific criteria were selected only when the characteristic was considered to be fundamental to 
development, reproductive success, or survival. Water depth and water velocity were considered 
key criteria for all life stages based on the scientific literature, and were thus included as initial 
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criteria to be selected for mapping (Table 2). Substrate size was considered a key criterion for 
spawning (Table 2), and cover was considered a key criterion for juvenile rearing. Other potential 
habitat criteria parameters such as substrate for juvenile rearing life stages did not appear to 
warrant inclusion as criteria. Water temperature was considered beyond the scope of this study 
and was not included as a potential mapping criterion. 
 

Table 2. Summary of habitat criteria values for critical life stages of steelhead in the Pismo 
Creek watershed.  

Life stage Habitat 
characteristic 

Range of 
“good” 
values 

Supporting literature 

Adult 
Migration Depth > 0.7 ft R2 Resource Consultants and Stetson Engineers 

(2007), as cited in SWRCB (2010) 

Spawning 

Depth > 0.8 ft 

R2 Resource Consultants and Stetson Engineers 
(2007), as cited in SWRCB (2010); USFWS (2010); 
Hampton (1997); Thomas R. Payne & Associates 
(2002) 

Velocity 1.0–3.0 ft/s 
R2 Resource Consultants and Stetson Engineers 
(2007), as cited in SWRCB (2010); USFWS (2010); 
Thomas R. Payne & Associates (2002)  

Substrate (D50) 0.4–1.8 in Kondolf and Wolman (1993), Thomas R. Payne & 
Associates (2002), USFWS (2010) 

Age 0+ fry 
Rearing 

Depth 0.3–1.5 

Sheppard and Johnson (1985), Bugert (1985), Moyle 
and Baltz (1985), McBain and Trush (2009), Everest 
and Chapman (1972), Johnson and Kucera (1985), 
CDFW (2014), Spina (2003). 

Velocity <0.8 ft/s Bjornn and Reiser (1991), Dolloff (1983), Baltz and 
Moyle (1983), McBain and Trush (2009) 

Cover 1.6 ft from 
cobble Professional judgment of Stillwater Sciences 

Age 1+ 
Juvenile 
Spring 
Rearing 

Depth >1.0 ft Everest and Chapman (1972), Shirvell (1990), CDFW 
(2014), Spina (2003). 

Velocity 0.5–2.7 ft/s Everest and Chapman (1972), Smith and Li (1983), 
Shirvell (1990) 

Cover 3.3 ft from 
large cobble 

Professional judgment of Stillwater Sciences, Bustard 
and Narver (1975) 

Age 1+ 
Juvenile 
Summer 
Rearing 

Depth >1.0 ft Everest and Chapman (1972), Shirvell (1990), CDFW 
(2014), Spina (2003). 

Velocity >0.25 ft/s Smith and Li (1983), Spina (2003) 

Cover 3.3 ft from 
large cobble 

Professional judgment of Stillwater Sciences, Bustard 
and Narver (1975) 

Juvenile 
Migration Depth >0.4 ft CDFW 2013 

 
Productive benthic macroinvertebrate (BMI) habitat was mapped within each study reach at each 
flow. Specifically, areas meeting the following criteria of productive BMI habitat were mapped 
(Orth and Maugham 1983, Gore et al. 2001, Jowett 2003, Harvey et al. 2006, Taylor et al. 2009): 

• median particle size (D50) is inundated. 0.4 ft is a standard minimum depth (Orth and 
Maugham 1983, Gore et al. 2001), but inundation of the D50 provides an approach that is 
scalable to different reaches within the basin (Taylor et al. 2009).  

• average column velocity is greater than 1.0 ft/s (Orth and Maugham 1983, Gore et al. 
2001).  
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For mapping purposes, additional criteria defining minimum habitat areas (polygons) were based 
on literature review and expert opinion for each focal species and life stage. Polygon sizes 
included areas large enough to be practical to map in the field, and small enough to accurately 
reflect habitat needs of each critical life stage.  
 

2.3.2 Flow selection 

Based on correlation analysis using a nearby undisturbed watershed conducted by Balance 
Hydrologics (Shaw et al. 2008, Appendix B to CCSE 2009), Pismo Creek had a historical (since 
1968) baseflow ranging from 0 cfs in August and September of dry years (such as 2007) to as 
high as 7.5 cfs in extremely wet years, as estimated for watershed at the HWY 1 Bridge (near 
downstream end of Study Reach 1). The median September base flow (to be expected in half of 
the years) was calculated to be 0.11 cfs for the same location. Based on this approximation, at 
least three flows between 0.5 and 7.5 cfs (measured within each study reach), were selected to be 
assessed.  
 

Field surveys were conducted from 2013 through 2016 
with mid-flow and high-flow events targeting periods 
directly after moderate precipitation events during the 
winter/spring when flows were receding. Within Reach 
1 low flows were generally available throughout the 
study period; however, reaches 2, 3, and 4 were dry 
during most of the study period, thus field surveys 
targeting low flow ranges were conducted as 
conditions were met. Data collected for study reaches 
included date, time, photographs, passage conditions at 
critical riffles, location (also mapped), Instream Flow 

Incremental Methodology (IFIM) transect surveys and habitat criteria mapping as described 
below. Stream discharge was measured within each study reach during each field survey. 
 
An extreme drought in central coastal California persisted during the period of study, which 
challenged the range of instream flows that could be evaluated. As a result of the relatively low 
flows that were ultimately assessed, our results are likely very accurate for assessing the effect of 
low flows on rearing habitat, and likely less accurate for assessing the requirements of high flows, 
such as fish passage and spawning. The implications are discussed within the results for each life 
stage and study reach.  
 

2.3.3 Scaled channel sketch maps  

Each study site was surveyed to map pool, riffle, and run habitat types for subsequent 
observations and to facilitate repeat observations at the same locations. Scaled channel sketch 
maps were developed as the basis for documenting and evaluating many components of this 
assessment. Scaled channel sketch maps were generated and digitized in a Geographic 
Information System (GIS) to develop a base map of each study reach in the Pismo Creek 
watershed (e.g., Figure 3). Digitizing the scaled channel sketch maps produced a repeatable and 
precise record of all data collected. One set of base maps were created for reaches 1, 2, and 4 
during initial efforts and used for all subsequent mapping efforts.  
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Figure 3. Example of a scaled channel sketch base map for field mapping habitat. Blue line 

represents the water edge. Polygons with gray hashing represents landmarks and 
habitat elements.  

 
 

2.3.4 Habitat mapping 

Suitable habitat areas for steelhead critical life 
stages were delineated in the field based on habitat 
criteria at a minimum of three flows. Field mapping, 
done by trained field crews, consisted of delineating 
polygons of suitable habitat (Table 2) for each 
critical life stage (Railsback and Kadvany 2008). 
Each polygon of suitable habitat was delineated on 
the scaled channel sketch map, and subsequently 
digitized. Photopoints were established at key 
locations to document shifts in habitat availability 
with changing flows. Polygons were delineated by 
taking repeated measurements of each habitat 

characteristic (listed below) to define the boundary. The number of measurements taken to 
delineate each polygon was scaled to the size of the potential polygon, but consisted of a 
minimum of four measurements for each mapped polygon. Thus, more measurements were taken 
to define larger polygons, and in areas with high complexity.  
 
The following is a list of the steelhead habitat characteristics that were measured in the field and a 
brief description of the methods that was used to determine habitat suitability for the life stages of 
interest.  

• Substrate particle size (D50 ). Pebble counts and visual estimation were compared to criteria 
selected from the literature to delineate “good” spawning habitat. Median substrate particle 
size (D50) was used to describe substrate suitability. D50 was measured by conducting 
pebble counts within substrate patches that appear to be at the lower or upper boundaries of 
the suitable particle size range, according to methods described in Wolman (1954).  

• Water Depth. Depth was measured using a stadia rod, or topset rod.  
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• Water Velocity. Water velocity was 
measured with a Marsh-McBirney flow 
meter at 0.60 of water column depth, or at 
0.2 and 0.8 of water column depth for 
depths greater than 2.5 ft (0.8 m), or at 
0.2, 0.6, and 0.8 for depths over 5 ft (1.5 
m). For non-spawning life-stages water 
velocity measurements were taken near 
the surface of the bed, or in the focal 
position of rearing juvenile fish (as 
defined by the literature for specific 
species and life stages). At potential spawning areas, velocity was measured at 0.12 m (0.4 
ft) above the substrate (Chambers et al. 1955, Smith 1973).  

• Distance to cover. Distance to cover was measured horizontally with a stadia rod or 
measuring tape, as appropriate. Cover types were classified (e.g., Kinsolving and Bain 
1990) and consisted of substrate, large woody debris, macrophytes, undercut banks, etc.  

 

2.3.5 Fish passage assessment 

Upstream fish passage for adults and downstream 
passage for juveniles within the Pismo Creek 
watershed was assessed using the standard operating 
procedure for critical riffle analysis for fish passage 
in California (CDFW 2013). Within each study 
reach at least one, and up to three of the most critical 
riffles for fish passage (i.e., shallowest) were located 
and identified on a map. At each critical riffle, 
permanent pins were installed on both sides of the 
creek to establish a repeatable cross section for 

measurements. Continuous wetted width and total wetted width meeting criteria for both juvenile 
and adult passage were recorded at each riffle at each flow following CDFW (2013).  
 

2.4 Physical Habitat Simulation (PHABSIM) Modeling 

The instream flow assessment methodology described below 
applies a mesohabitat (i.e., riffle, run, and pool) and transect-based 
approach (commonly referred to as the 1-D method) for 
implementing the PHABSIM component of the U.S. Fish and 
Wildlife Service (USFWS) IFIM to address flow-habitat 
relationships in three study reaches of Pismo Creek. For this 
analysis the RHABSIM (riverine habitat simulation) model was 
applied using a one-flow velocity calibration approach, where 
transect and cell-specific data were derived from field survey data. 
The RHABSIM model calculates a habitat index that reflects the 
weighted-usable-area (WUA) based on simulation of water depths and velocities from the 1-D 
hydraulic models. Cross sections (transects) are used to represent the stream, and habitat 
suitability criteria are applied which define the physical and hydraulic characteristics considered 
suitable for specific species and life stages. Details of the approach are provided below. 
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2.4.1 PHABSIM study sites 

PHABSIM study sites were selected in Study Reaches 1 and 4, described in Section 2.2, to 
correspond with the Habitat Criteria Mapping analysis.  
 

2.4.2 Transect selection and weighting 

The approach for selecting transect placement relied on collecting hydraulic modeling data within 
Study Reaches 1 and 4 described above, additional transects were proposed in Study Reach 2 but 
did not include Study Reach 3 which has been dry for several years and is not expected to provide 
suitable rearing habitat (Figure 2). Transects were established to sample sites representing 
steelhead mesohabitat types (i.e., pools, runs, and riffles) to identify habitat availability in each 
reach. Representative study sites were identified by: (1) using CDFW habitat type data for the 
watershed (Table 3), (2) selecting habitat types to represent the dominant and critical types, and 
(3) identifying and establishing study site locations in each reach using a combination of targeted 
and randomly selected sites to collect the required hydraulic and geomorphic data. This approach 
included at least twelve transects within each study reach (total of 26 within two reaches) 
targeting pool, riffle, and run habitat types. Selection of specific transect locations and 
representation strategy was conducted collaboratively with the TAC. 
 

Table 3. Summary of habitat typing results for Pismo Creek (CDFG 2005). 

 Riffle habitat Flatwater 
habitat Pool habitat Dry Average canopy 

cover 
Pismo Creek 8.5% 14% 55.4% - 59% 
W.Corral de Piedra 
Creek (upstream of 
reservoir) 

8.9% 40.8% 50.3% - 55% 

W.Corral de Piedra 
Creek (downstream of 
reservoir) 

2.1% 5.3% 12.2% 60.7% 45% 

 
 

2.4.3 Hydraulic data collection 

Field data collection and recording generally followed the guidelines established in the IFG field 
techniques manuals (Milhous et al. 1984; Bovee 1997). Techniques used to measure water 
discharge were generally consistent with the guidelines outlined by Rantz (1982), and included 
establishing independent elevation reference benchmarks for level control, as well as semi-
permanent headpins and tailpins at each transect. Water surface elevation (WSE) (i.e., stage) 
measurements were taken across each transect at three calibration flows (low, medium, and high) 
that would allow for habitat simulation over a range of 0.1–10 cfs. Water depths and mean 
column water velocities were measured across each transect during the low (Reach 1) or middle 
(Reach 4) calibration flow. The number of cells sampled for depth and velocity was based on a 
goal of retaining a minimum of 15–20 stations that would remain in-water at the low calibration 
flow. Additional data collected during the field surveys included water surface slope, stage-of-
zero-flow (SZF), as well as dominant substrate types and dominant cover types (compatible with 
proposed species HSC). 
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2.4.4 Model calibration 

Stage-discharge relationships were developed from measured discharge and stage using an 
empirical log/log formula (commonly referred to as IFG4) and the Manning’s channel 

conveyance procedure (MANSQ), following 
Milhous et al. (1984). Using the IFG4 method, 
each transect is treated independently. The IFG4 
method requires a minimum of three sets of stage-
discharge measurements and an estimate of the 
stage-of-zero-flow (SZF) for each transect. The 
MANSQ procedure requires only a single stage-
discharge measurement along with a SZF and uses 
a power function of the ratio of simulated 
discharge to observed discharge. The SZF 
estimates were based on either the thalweg depth of 
a transect or the thalweg depth of a downstream 

hydraulic control. The quality of the stage-discharge relationships was evaluated by examination 
of mean error and slope output from the model. 
 
The one-flow velocity method, using a single set of velocities collected at the low-flow in Reach 
1 and at the Mid-flow in Reach 4, was used for all transects in the respective reaches for velocity 
calibration. This technique uses a single set of measured velocities to predict individual cell 
velocities over a range of flows. Simulated velocities are based on measured data and a 
relationship between a fixed roughness coefficient (Manning’s ‘n’) and depth. In some cases, 
roughness is modified for individual cells if substantial velocity errors are noted at simulation 
flows. Velocity adjustment factors (VAFs) are examined to detect any significant deviations and 
determine if velocities change consistently with stage and total discharge. 
 

2.4.5 Calibration flows 

Model calibration flows were targeted based on extrapolation limits, log-scale considerations, and 
flows available during the field measurement surveys. Exceedance flows of 80, 50, and 20 
percent were used to target calibration flows of 0.1 cfs, 1.0 cfs, and 5.0 cfs.  Based on availability 
of flows, the final calibration flows evaluated were 0.7 cfs, 1.5 cfs, and 3 cfs.   
 

2.4.6 Habitat suitability criteria 

Habitat Suitability Criteria (HSC) used in the PHABSIM model was selected to be consistent 
with criteria used in HCM, and was based on the results of the extensive HSC developed by 
CDFW in the Big Sur River (CDFW 2014); which like Pismo Creek supports a steelhead 
population in the South-Central Coast Steelhead DPS.  However, no age 1+ summer criteria was 
evaluated in the Big Sur River as we used in the HCM approach in Pismo Creek, partly because 
the Big Sur River does not experience the same extremely low summer flows observed further 
south.  HSC used in the PHABSIM analysis are provided in Attachment A. 
 

2.5 Methods Comparison 

To compare habitat-flow relationships between the HCM and PHABSIM modeling results, HCM 
results were converted to unit increments (ft2/1,000 ft) of habitat area over the range of flows 
assessed. This allowed the data to be normalized for plotting purposes to show a side-by-side 
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comparison of the two methods. Results for the methods comparison are presented as available 
habitat in ft2/1,000 ft increments. 
 

3 RESULTS 

3.1 Study Reaches 

Of the four study reaches that were established, surface flows supported the establishment of 
photopoints (Attachment B) and fish passage transects (Attachment C) within reaches 1 and 4 
(Figures 4 and 5). Detailed measurements of fish passage conditions and habitat availability was 
conducted, and PHABSIM transects were established, as described in detail below. Habitat typing 
was conducted within each reach (Table 4). Habitat unit classifications remained static 
throughout the study, even as flows varied.  
 

Table 4. Summary of habitat typing results for study sites within reaches 1 and 4. 

Reach Length (ft) Habitat type frequency 
Pool Riffle Run 

1 424 5 5 3 
4 1,003 7 8 4 
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Figure 4. Photopoints and transects within mapped sections of Reach 1 and 4.  IFIM transects 9, 9A, and 10 in Reach 1 are located outside of 

the mapped section; all IFIM transects in Reach 4 are shown.  
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3.2 Habitat Criteria Mapping 

3.2.1 Measured flows 

Habitat criteria mapping was conducted during four flows in reach 1 and 4, and one flow in 
Reach 2 (Table 5). Because of the complex hydrology of Pismo Creek watershed, it is not 
possible to designate a specific location as a reference point for flows in the watershed. For 
example, while Reach 1 had perennial flows during the period of study, Reach 4 only had surface 
flows for a period of months in 2016, and Reach 2 was never observed to have continuous flows. 
Therefore, for the purposes of reporting each reach is discussed separately for each observed 
flow. Any future monitoring of flows would also likely need to be reach-specific to be useful.  
  

Table 5. Summary of measured flows during HCM efforts. 

Date of field effort  
Measured flow (cfs) 

Reach 1 Reach 4 
October 2013 0.48 -- 
March 2014 1.10 -- 
January 7, 2016 -- 0.44 
January 20, 2016 -- 1.57 
March 7 and 8, 2016 2.95 2.84 
March 14 and 15, 2016 2.50 2.11 
-- indicates flows measurements were not collected 

 
 

3.2.2 Fish passage conditions 

3.2.2.1 Adult migration 

Adult migration conditions were assessed in reaches 1 and 4 during low- and moderate-flow 
events. Adult passage was not assessed in reaches 2 and 3 as surface flow was not observed 
during the study period for these two reaches. Flows adequate to support upstream migration 
were not observed in any reach during the period of study (Table 6). It did appear that conditions 
were nearly suitable for upstream passage in Reach 1 at 2.95 cfs, and in Reach 4 at 2.84 cfs 
(Figure 6); possibly at flows slightly higher adult upstream passage criteria could be met. Based 
on the peak flow analysis of Shaw et al. (2008), flows of over 3,000 cfs are predicted to occur 
every year or two on average in lower Pismo Creek, so presumably suitable fish passage 
opportunities occur on at least the same frequency. The same peak flow analysis of Shaw et al. 
(2008) estimated two-year recurrence interval flows of over 400 cfs in the Edna Valley, which 
suggests that fish passage opportunities through Edna Valley will also occur during substantial 
precipitation events on a regular frequency. However, during the prolonged drought during this 
study (2013 through 2016) if any opportunities for adult fish passage occurred, they were brief in 
duration.  
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Table 6. Results of adult fish passage evaluation, based on a minimum depth of 0.7 ft for at 
least 25% of transect width, and at least 10% of the continuous width, following CDFW (2013). 

Reach 1 
Critical riffle  2.95 cfs 2.5 cfs 1.10 cfs 0.48cfs 

1 ** ** Not Passable Not Passable 
2 Not Passable Not Passable Not Passable Not Passable 
3 Not Passable Not Passable Not Passable Not Passable 

Reach 4 
Critical riffle  2.84 cfs 2.11 cfs 1.57 cfs 0.65 cfs 0.44 cfs 

1 Not Passable Not Passable Not Passable Not Passable Not Passable 
** Not assessed due to beaver dam influence. 
 
 

 
Figure 5. Example of passage conditions in Reach 1, Transect 2 at 2.95 cfs (a), and Reach 4, 

Transect 1 at 2.84 cfs (b). 
 
 
In addition to low instream flows, other challenges to upstream adult steelhead migration occur 
within Pismo Creek. The Pismo Creek Estuary mouth opens and closes seasonally in response to 
the combination of river inflows and adjacent tidal elevations. From late fall to late spring 
(December to April), storm-induced river flow pulses can quickly fill the estuary and cause the 
mouth to breach, and thus allowing adult steelhead to migrate upstream into the creek, and smolts 
to migrate downstream into the ocean. The 
mouth can then remain open (either fully with 
a completely scoured mouth channel or 
partially with a smaller mouth channel) for 
periods of days to weeks. During drought 
years, and in normal years from late spring to 
late fall, relatively low river flow into the 
estuary combined with berm building through 
wave power can force the mouth to close and 
the estuary to fill; during which time adult 
and smolt migration between the ocean and 
Pismo Creek is not possible. However, the 
Pismo Creek Estuary tends to stay open more often that other coastal estuaries, and is rarely 
closed for long.  
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Once adult steelhead migrate upstream through the estuary, they encounter potential obstacles to 
migration within the creek. In lower Pismo Creek (including Reach 1) beaver activity is 
pervasive, and dams potentially affecting fish passage are frequent (Figure 6). Research suggests 
that juvenile salmonids can often migrate through beaver dams (Lokteff et al. 2013), but they can 
reduce migration of adult salmonids (Virbickas et al. 2015). Our observations suggest that the 
beaver dams in lower Pismo Creek would block upstream adult migration. However, the same 
substantial precipitation events required to breach the estuary and provide fish passage, may 
displace the beaver dams as well.  
 

 
Figure 6. Example beaver dam in Reach 1 creating an obstacle to upstream adult steelhead 

migration. 
 
In Reach 2 the Union Pacific Railroad (UPRR) box culvert and an associated defective fish ladder 
are considered a complete barrier to upstream adult steelhead fish passage (California Fish 
Passage Assessment Database January 2004; Figure 7). In 2005, this barrier was identified as the 
third highest priority fish passage barrier in San Luis Obispo County by the Fish Passage Task 
Force of the Steelhead Recovery Coalition.  
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Figure 7. UPRR box culvert passage barrier in Reach 2. 
 
3.2.2.2 Juvenile migration 

Juvenile migration conditions were assessed in reaches 1 and 4 during low and moderate flow 
events. In Reach 1 at flows of 1.10 cfs and greater, passage conditions were suitable for juvenile 
migration at all critical riffle transects evaluated (Table 7). In Reach 4 at flows of 2.11 cfs 
conditions were nearly suitable (Figure 8), and at 2.84 cfs passage conditions were suitable for 
juvenile migration. Juvenile passage was not assessed in reaches 2 and 3 as surface flow was not 
observed during the study period within these two reaches. 
 
At 0.48 cfs and less in Reach 1 and 1.57 cfs and less in Reach 4 conditions were generally not 
suitable for juvenile passage. Within each transect that did not meet the passage criteria for total 
or continuous width, there was at least a few feet of the transect width that met the minimum 
depth criteria for passage during these flows. While passage between habitats is in Reach 1 is 
likely limited at 1.10 cfs , water velocity in riffles may facilitate downstream migration of 
juveniles while limiting upstream passage during these flows (Figure 9).  
 
Table 7. Results of juvenile fish passage evaluation, based on a minimum depth of 0.4 ft for at 
least 25% of transect width, and at least 10% of the continuous width, following CDFW (2013). 

Reach 1 
Critical riffle  2.95 cfs 2.50 cfs 1.10 cfs 0.48cfs 

1 Passable Passable Passable Not Passable 
2 Passable Passable Passable Not Passable 
3 Passable Passable Passable Not Passable 

Reach 4 
Critical riffle  2.84 cfs 2.11 cfs 1.57 cfs 0.65 cfs 0.44 cfs 

1 Passable Not Passable Not Passable Not Passable Not Passable 
1 Surface flows were not achieved in reaches 2 and 3 during this study.  
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Figure 8. Example of variable juvenile passage conditions with flow at Reach 4 at 0.65 cfs (a), 

1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). 
 
 
Overall, juvenile passage suitability was assessed following the criteria of CDFW (2013). 
Accordingly, based on the average of all assessed transects by flow in Reach 1, 25% of the total 
usable width is achieved at flows greater than about 1.25 cfs (Figure 10), and the criteria of 10% 
of continuous usable width is achieved at flows greater than about 0.65 cfs (Figure 11). Both 
criteria would be achieved when flows are greater than about 1.25 cfs. During the critical period 
of juvenile downstream migration (February through June), flows in Reach 1 are expected to be 
suitable for juvenile passage, and mostly suitable for juvenile migration during the summer 
rearing period (Table 1). If the Freeport McMoRan oil field is releasing treated water (up to 1.3 
cfs), conditions will mostly be suitable for juvenile migration in Reach 1 regardless of season. 
However, during periods of drought (as was observed in 2013 through 2016) there are periods 
when flows drop to less than 1.0 cfs and migration between habitat units is restricted. Restricted 
migration among habitat units may result in reduced growth opportunities.  
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Figure 9. Average total usable width (% of total wetted width) for juvenile fish passage criteria 

in Lower Pismo Creek. 
 
 

 
Figure 10. Average continuous usable width (% of total wetted width) for juvenile fish passage 

criteria in Lower Pismo Creek. 
 
 
Within West Corral de Piedra Creek, 25% of the total usable width is achieved at flows greater 
than about 1.8 cfs (Figure 11) and the criteria of 10% of continuous usable width is achieved at 
flows greater than about 1.5 cfs (Figure 12). Both criteria would be achieved when flows are 
greater than about 1.8 cfs. During the critical period of downstream migration (February through 
June), flows in Reach 4 under current conditions are often too low to meet passage criteria, 
especially during average and low water years. Reduced migration opportunities restrict steelhead 
from using available habitat throughout the watershed, including avoiding intermittent reaches 
(Boughton et al. 2009). 
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Figure 11. Average total usable width (% of total wetted width) for juvenile fish passage 

criteria in West Corral de Piedra Creek. 
 
 

 
Figure 12. Average continuous usable width (% of total wetted width) for juvenile fish passage 

criteria in West Corral de Piedra Creek. 
 
 

3.2.3 Suitable habitat 

Suitable habitat area for each life stage was calculated for each habitat unit within the study sites 
at each measured flow. Results of the mean suitable habitat area for each habitat type (i.e., pool, 
riffle, run) from each study site were extrapolated by length to all similar habitat units within 
lower Pismo Creek downstream of the confluence of West and East Corral de Piedra creeks to the 
estuary (Table 8) based on CDFW (CDFG 2005) habitat typing data.  
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CDFW (CDFG 2005) also conducted habitat typing of West Corral de Piedra Creek; and we 
could extrapolate the results from Reach 4 to all of West Corral de Piedra Creek based on 
frequency and length of similar habitat units. However, most of West Corral de Piedra Creek is 
within the Edna Valley, which is a hydrological loosing reach (Shaw et al. 2008), and is not 
considered to have a high potential of steelhead rearing habitat (Boughton and Goslin 2006). 
Detailed CDFW habitat typing results that would support a more refined analysis were not 
available for West Corral de Piedra Creek, and therefore we instead used a simple length of reach 
extrapolation of the results from Reach 4 to the portions of West and East Corral de Piedra creeks 
classified as having steelhead rearing potential (Table 8). Comparisons of total available habitat 
area estimates for each life stage at each flow were made using two-sample t-tests to determine 
whether significant differences were evident between flows (Table 9). Results for each life stage 
are discussed below.  90% Confidence Intervals (CI) are shown for all estimates; showing the 
variance around estimate that has a 90% probability of including the “true” value.   
 
Table 8. Total available habitat area estimates (x1,000 ft2) with 90% Confidence Intervals (CI) 

for each life stage in lower Pismo Creek and West and East Corral de Piedra creeks. 

Measured 
flow (cfs) Spawning 

Age 0+ Fry 
Rearing 

1+ Juvenile 
Spring 

Rearing 

1+ Juvenile 
Summer 
Rearing 

Macro-
invertebrate 

Lower Pismo Creek 
0.48 0 141 (±74) 0 (±0) ** 4 (±3) 

1.10 0 167 (±112) 6 (±6) ** 4 (±5) 

2.50 1 (±1) 74 (±47) 47 (±47) 101 (±25) 23 (±21) 

2.95 2 (±1) 90 (±52) 47 (±52) 110 (±49) 25 (±27) 

West and East Corral de Piedra Creeks 
0.44 0 (±0) 141 (±146) 4 (±8) 42 (±53) 14 (±12) 

1.57 5 (±2) 105 (±132) 18 (±8) 73 (±35) 157 (±106) 

2.11 5 (±2) 263 (±245) 21 (±23) 80 (±82) 182 (±128) 

2.84 9 (±14) 153 (±168) 97 (±81) 142 (±106) 186 (±188) 

** Habitat area for the age 1+ juvenile summer rearing life stage was not delineated until the 2016 efforts. 
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Table 9. Results of t-tests comparing total habitat area estimates for each guild at measured 
flows in Pismo Creek. 

Flows 
Tested (cfs) Spawning 

Age 0+ Fry 
Rearing 

Age 1+ Spring 
Rearing 

Age 1+ Summer 
Rearing 

Macro- 
invertebrate 

Lower Pismo Creek 
0.48; 1.10 Na t11 p = 0.301 t11 p = 0.001 Na t11 p = 0.476 
0.48; 2.50 t11 p = 0.001 t11 p = 0.000 t11 p = 0.000 Na t11 p = 0.000 
0.48; 2.95 t11 p = 0.004 t11 p = 0.001 t11 p = 0.000 Na t11 p = 0.000 
1.10; 2.50 t11 p = 0.001 t11 p = 0.000 t11 p = 0.000 Na t11 p = 0.000 
1.10; 2.95 t11  p = 0.004 t11 p = 0.002 t11 p = 0.000 Na t11 p = 0.000 
2.50; 2.95 t11 p = 0.039 t11 p = 0.386 t11 p = 0.921 t11 p = 0.509 t11 p = 0.523 

West and East Corral de Piedra Creeks 
0.44; 1.57 t18 p = 0.084 t18 p = 0.157 t18 p = 0.000 t18 p = 0.000 t18 p = 0.000 
0.44; 2.11 t18 p = 0.090 t18 p = 0.070 t18 p = 0.001 t18 p = 0.001 t18 p = 0.000 
0.44; 2.84 t18 p = 0.008 t18 p = 0.897 t18 p = 0.000 t18 p = 0.000 t18 p = 0.000 
1.57; 2.11 t18 p = 0.932 t18 p = 0.009 t18 p = 0.304 t18 p = 0.291 t18 p = 0.458 
1.57; 2.84 t18 p = 0.353 t18 p = 0.264 t18 p = 0.000 t18 p = 0.000 t18 p = 0.032 
2.11; 2.84 t18 p = 0.415 t18 p = 0.071 t18 p = 0.000 t18 p = 0.013 t18 p = 0.096 

Notes: light grey highlight indicates significant differences at α = 0.10. 
Dark grey highlight indicates significant differences at α = 0.05, in addition to those at α = 0.10. 
For tdf,, df = degrees of freedom 
na Not assessed. 

 
 
3.2.3.1 Spawning habitat 

Suitable substrate to support spawning habitat was infrequent in lower Pismo Creek. With 
exception, substrate within pool tails and riffles (typical spawning areas) is composed of fine 
sediment, and overall spawning habitat quality is poor (Figure 13). In 2013 a small (<1.5 ft2) redd 
was observed in Reach 1, likely from a resident O. mykiss, which can take advantage of smaller 
substrate than an anadromous steelhead. Within the areas with suitable spawning substrate, water 
depths and velocities to support spawning were only barely suitable at flows over 2.50 cfs (Table 
10 and Figure 14), and spawning habitat likely would increase at higher flows. Results of the t-
tests show a significant difference in spawning habitat between all flows (Table 9). Under current 
sediment and flow conditions, steelhead are unlikely to encounter suitable spawning habitat in 
lower Pismo Creek. 
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Figure 13. Typical poor quality spawning substrate in lower Pismo Creek. 

 
 

Table 10. Total available spawning habitat area estimates with 90% Confidence Intervals (CI) 
by habitat type. 

Measured 
flow (cfs) 

Total available spawning habitat area 
with 90% CI (x1,000ft2) 

Percent spawning habitat area by habitat 
type 

Pool Riffle Run Pool Riffle Run 
Lower Pismo Creek 

0.48 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0% 0% 0% 

1.10 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0% 0% 0% 

2.50 0.3 (±0.2) 0.3 (±0.2) 0.1 (±0.1) 45% 40% 15% 

2.95 0.3 (±0.3) 0.3 (±0.3) 1.6 (±0.6) 16% 13% 72% 

West and East Corral de Piedra Creeks 

0.44 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0% 0% 0% 

1.57 0.0 (±0.0) 1.3 (±0.5) 3.6 (±1.5) 0% 26% 74% 

2.11 0.0 (±0.0) 1.3 (±0.5) 4.0 (±1.7) 0% 24% 76% 

2.84 0.0 (±0.0) 5.1 (±6.3) 3.5 (±8.1) 0% 59% 41% 
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Figure 14. Total available habitat area estimates with 90% CI for spawning at measured flows 

in lower Pismo Creek. 
 
 
In upper West and East Corral de Piedra creeks the gradient is higher and the substrate is larger 
and contains less fine sediment than lower Pismo Creek (Figure 1), and thus suitable spawning 
habitat is more available than in lower Pismo Creek (Table 8), especially in riffle and run habitats 
(Table 10). This pattern of increased spawning habitat in upper reaches, even within intermittent 
reaches, is consistent with other observations in central California coast watersheds (Boughton et 
al. 2009). Spawning habitat increased with increasing flows, and as flows approached 3 cfs 
spawning habitat started to become more abundant (Figure 15). Results of the t-tests show a 
significant difference in spawning habitat between 0.44 cfs and all other flows while no 
significant difference was found when comparing higher flows (i.e., 1.57 cfs, 2.11 cfs, and 2.84 
cfs) (Table 9). Based on these results we anticipate that at flows greater than 1.57 cfs, spawning 
habitat is generally available. Without long-term gaging data it is not possible to determine how 
often flows to support spawning occur each winter within either West Corral de Piedra Creek 
downstream of Righetti Dam, or within East Corral de Piedra Creek.  
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Figure 15. Total available habitat area estimates with 90% CI for spawning at measured flows 

in upper West and East Corral de Piedra creeks. 
 
 
3.2.3.2 Age 0+ fry rearing habitat 

Fry habitat was generally abundant in the low gradient lower Pismo Creek (Figure 1) with the 
greatest available habitat area observed at 1.10 cfs and the least available habitat observed at 2.50 
cfs (Table 8 and Figure 16). Variance in habitat area estimates was relatively large at 1.10 cfs 
compared with the other test flows; however, results of the t-tests show a significant difference in 
age 0+ fry habitat under most flows assessed (Table 9). Total available fry habitat area in lower 
Pismo Creek was lowest in riffle habitats and greatest in pools. As flows dropped, the area of fry 
habitat shifted to include more riffle and run areas, likely due to decreased water velocities (Table 
11 and Figure 17). 
 
Based on observations at flows greater than about 2.0 cfs, we would expect that in lower Pismo 
Creek fry habitat is less abundant at high flows, when high water velocity and water depth will 
constrain fry habitat to a narrow band along the channel margins. However, based on the low 
gradient of lower Pismo Creek, and the predominately low flows (Table 8), we expect fry habitat 
to be generally abundant at most flows that occur. Fry habitat, therefore, is unlikely to limit the 
steelhead population in lower Pismo Creek.  
 
  

0

5

10

15

20

25

0.44 1.57 2.11 2.84

To
ta

l A
va

ila
bl

e 
H

ab
ita

t A
re

a 
(x

10
00

ft2
)

Flow (cfs)

Spawning



 Assessing Instream Flows in the Pismo Creek Watershed 

 
April 2016 Stillwater Sciences 

29 

Table 11. Total available Age 0+ fry habitat area estimates with 90% Confidence Intervals (CI) 
by habitat type. 

Measured 
flow (cfs) 

Total available Age 0+ fry habitat area 
with 90% CI (x1,000ft2) 

Percent Age 0+ fry habitat area by 
habitat type 

Pool Riffle Run Pool Riffle Run 

Lower Pismo Creek 

0.48 112 (±60) 3 (±2) 26 (±11) 80% 2% 18% 

1.10 142 (±92) 6 (±4) 19 (±16) 85% 3% 12% 

2.50 67 (±27) 2 (±5) 5 (±15) 90% 3% 7% 

2.95 84 (±37) 1 (±4) 5 (±11) 94% 1% 5% 

West and East Corral de Piedra Creeks 

0.44 35 (±16) 44 (±45) 62 (±85) 25% 31% 44% 

1.57 19 (±9) 27 (±42) 59 (±81) 18% 25% 57% 

2.11 20 (±13) 141 (±111) 102 (±121) 8% 53% 39% 

2.84 15 (±10) 71 (±79) 68 (±78) 10% 46% 44% 

 
 

 
Figure 16. Total available habitat area estimates with 90% CI for age 0+ fry rearing at 

measured flows in lower Pismo Creek. 
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Figure 17. Example of habitat areas shifting location with varying flow in Reach 1 of Lower 

Pismo Creek. 
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Fry habitat was also generally abundant in East Corral and West Corral de Piedra creeks with the 
greatest available habitat area observed during the lowest flow (0.48 cfs) and then another peak at 
2.11 cfs (Table 8 and Figure 18). Total available fry habitat area in lower Pismo Creek shifted 
substantially between riffles, runs, and pools as flows varied (Table 11, Figure 19, and Figure 20) 
apparently due in part to new areas becoming inundated as flows increased creating additional fry 
rearing habitat (Figure 19). This resulted in relatively large variance in habitat area estimates at 
all flows assessed (Figure 20) with results of t-tests only showing a significant difference at 2.11 
cfs compared to all other flows. 
 
Based on observations at flows greater than about 2.0 cfs, we would expect that in East and West 
Corral de Piedra creeks fry habitat will continue to vary as flows fluctuate, although the 
inundation of additional habitat as flows increase in a relatively un-confined channel will not 
result in a dramatic decrease in habitat at higher flows. Overall, we expect fry habitat to be 
generally abundant at most flows that occur. Fry habitat, therefore, is unlikely to limit the 
steelhead population abundance in West and East Corral de Piedra creeks.  
 

 
Figure 18. Total available habitat area estimates with 90% CI for age 0+ fry at measured flows 

in West and East Corral de Piedra creeks. 
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Figure 19. Example of habitat areas shifting location with varying flow in Reach 4 of West 

Corral de Piedra Creek. 
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Figure 20. Example of areas with fry habitat remaining suitable as flows decrease in Reach 4 at 

2.84 cfs (a), 2.11 cfs (b), 1.57 cfs (c), and 0.44 cfs (d). 
 
 
3.2.3.3 Age 1+ juvenile spring habitat 

Suitable age 1+ juvenile habitat during spring is critical to support steelhead. Steelhead can only 
survive the intrinsically harsh conditions of summer in central California watersheds if conditions 
to support growth are sufficient during the preceding spring (Harvey et al. 2006, Stillwater 
Sciences 2007, Sogard et al. 2009). Adequate flows are needed to provide for the production of 
macroinvertebrates in riffle habitat, as well as sufficient water velocity to support the drift of 
macroinvertebrates from riffles downstream to pools where steelhead rear and feed.  
 
Age-1+ juvenile spring rearing habitat was less abundant than habitat for other life stages, and the 
amount of available habitat generally declined with flow (Table 8) in both lower Pismo Creek 
(Figure 21) and upper West and East Corral de Piedra creeks (Figure 22). Age1+ juvenile spring 
rearing habitat increased as flows increased in both reaches with results of t-tests showing 
significant differences between most flows in both reaches with the exceptions of 2.50 cfs and 
2.95 cfs in reach 1 and 1.57 cfs and 2.11 cfs in reach 4 (Table 9). Most juvenile spring rearing 
habitat was found in pools in both reaches (Table 12) where water velocity at the head of the 
pools was sufficient to provide feeding opportunities (figures 23 and 24). The decline in age-1 
spring juvenile rearing habitat as flows decreased was the result of a decrease in water velocity (< 
0.5 ft/s). During the time that age-1+ juvenile spring habitat is utilized (March through June) 
flows are most critical during late spring, when flows begin to drop (Table 1, Figure 1).  
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Table 12. Total available Age 1+ juvenile spring habitat area estimates with 90% Confidence 
Intervals (CI) by habitat type. 

Measured 
flow (cfs) 

Total available Age 1+ juvenile spring 
habitat area with 90% CI (x1,000ft2) 

Percent Age 1+ juvenile spring habitat 
area by habitat type 

Pool Riffle Run Pool Riffle Run 

Lower Pismo Creek 

0.48 0 (±0) 0 (±0) 0 (±0) 0% 0% 0% 

1.10 5 (±4) 0 (±0) 1 (±2) 83% 2% 15% 

2.50 45 (±10) 0 (±0) 3 (±5) 94% 0% 6% 

2.95 40 (±15) 1 (±2) 6 (±10) 86% 1% 13% 

West and East Corral de Piedra Creeks 

0.44 0 (±0) 4 (±7) 0 (±0) 5% 95% 0% 

1.57 9 (±2) 3 (±4) 6 (±3) 48% 16% 35% 

2.11 15 (±10) 0 (±0) 6 (±13) 73% 0% 27% 

2.84 30 (±13) 31 (±41) 35 (±28) 31% 32% 36% 

 
 

 
Figure 21. Total available habitat area estimates with 90% CI for age 1+ juvenile spring at 

measured flows in Lower Pismo Creek. 
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Figure 22. Total available habitat area estimates with 90% CI for age 1+ juvenile spring at 

measured flows West and East Corral de Piedra creeks. 
 
 
Under the existing instream flow conditions in lower Pismo Creek it appears that during an 
average water year there are sufficient flows to provide age-1+ juvenile spring rearing habitat 
(Table 1). However during dry years, such as those that have occurred during the period of study, 
the lack of available age 1+ juvenile spring rearing habitat is likely severe enough to limit growth 
opportunities (Smith and Li 1983, Harvey et al. 2006) and could limit steelhead production in the 
watershed.  
 
Within West and East Corral de Piedra creeks, age 1+ juvenile spring rearing habitat is more 
available at low flows than in lower Pismo Creek, likely due to the higher gradient channel, 
which results in higher water velocities at similar flows. Existing instream flow conditions are not 
well documented, and the frequency of flows sufficient to provide suitable juvenile spring rearing 
habitat (about 2 cfs and above) is not known.  
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Figure 23. Example of suitable age1+ spring juvenile habitat at 2.84 cfs (a), 2.11 cfs (b), and 

1.57 cfs (c), and unsuitable at 0.44 cfs (d) in Reach 4. 
 

 
Figure 24. Example of age-1 spring juvenile habitat suitable only at 2.84 cfs (a) and 2.11 cfs 

(b), and unsuitable at 1.57 cfs (c) and 0.44 cfs (d) in Reach 4. 
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3.2.3.4 Age 1+ juvenile summer habitat 

During summer, flows in many central California streams become low, intermittent, or dry up 
completely (Spina et al. 2005). Although higher flows would be preferred by steelhead to support 
growth and migration during summer, research has demonstrated that steelhead can survive 
during summer in habitat with sufficient water depth. Due to a lower minimum water velocity 
criteria, age 1+ spring rearing habitat will always be more restricted than age 1+ summer rearing 
habitat. Therefore we initially did not include age 1+ summer juvenile habitat, and only added 
this life stage for evaluation in 2016, based on the conditions we were observing. In lower Pismo 
Creek age 1+ juvenile summer habitat was not evaluated at 0.48 or 1.10 cfs. For all flows 
evaluated, age1+ juvenile summer rearing habitat was more abundant than habitat for spring 
juveniles (as we would expect), and increased with increasing flows (Table 8, Figures 25 and 26). 
Results of t-tests show no significant difference in reach 1 between the two flows assessed (2.50 
cfs and 2.95 cfs) but in reach 4 nearly all flows assessed showed significant differences based on 
the t-test results with the exception of 1.57 cfs compared to 2.11 cfs which did not show a 
significant difference (Table 9). Age 1+ juvenile summer rearing habitat was available in similar 
amounts in both lower Pismo Creek and West and East Corral de Piedra creeks. Most age 1+ 
summer juvenile rearing habitat was found in pools with cover (Table 13). The decline in age1+ 
summer juvenile rearing habitat as flows decreased was the result of a decrease in water depth (< 
1.0 ft), although as is apparent in Figure 26, even as flows declined to less than about 1.0 cfs, 
habitat in pools remained suitable, albeit with less area (Table 13).  
 
Table 13. Total available Age 1+ summer habitat area estimates with 90% Confidence Intervals 

(CI) by habitat type. 

Measured 
flow (cfs) 

Total available Age 1+ juvenile summer 
habitat area with 90% CI (x1,000ft2) 

Percent Age 1+ juvenile summer habitat 
area by habitat type 

Pool Riffle Run Pool Riffle Run 

Lower Pismo Creek 
0.48 na na na na na na 

1.10 na na na na na na 

2.50 98 (±20) 0 (±0) 3 (±5) 97% 0% 3% 

2.95 103 (±37) 1 (±2) 6 (±10) 94% 1% 6% 

West and East Corral de Piedra Creeks 

0.44 12 (±7) 5 (±7) 25 (±38) 28% 13% 59% 

1.57 36 (±10) 7 (±10) 30 (±17) 50% 9% 41% 

2.11 52 (±18) 0 (±0) 27 (±64) 66% 0% 34% 

2.84 60 (±21) 31 (±41) 50 (±44) 42% 22% 36% 

**  criteria for 1+ juvenile summer rearing not used until 2016 efforts. 
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Figure 25. Total available habitat area estimates with 90% CI for age 1+ juvenile summer at 

measured flows in lower Pismo Creek. 
 

 
Figure 26. Total available habitat area estimates with 90% CI for age 1+ juvenile summer at 

measured flows West and East Corral de Piedra creeks. 
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During the summer in lower Pismo Creek flows are often around 1.0 cfs (Table 1). Under the 
existing instream flow conditions it appears that age-1 juvenile rearing habitat during the summer 
is available albeit in small amounts. Relative to age 1+ juvenile spring habitat, age 1+ juvenile 
summer habitat in lower Pismo Creek is not likely to limit the steelhead population (Figure 27). 
Based on the channel morphology (i.e., moderate gradient scour pools) in West and East Corral 
de Piedra creeks, juvenile summer habitat is available even at very low flows . However, under 
existing conditions flows in West Corral de Piedra creek downstream of Righetti Dam are often 
dry during summer. Clearly the absence of water during the summer restricts steelhead 
distribution in this watershed, and can limit steelhead production.  
 

 
Figure 27. Example of areas with age 1+ juvenile summer rearing habitat remaining suitable as 

flows decrease in Reach 1 at 2.95 cfs (a), 2.5 cfs (b), 1.10 cfs (c), and 0.48 cfs (d). 
 
 
3.2.3.5 Macroinvertebrate habitat 

Benthic macroinvertebrate habitat was scarce in lower Pismo Creek as a consequence of high 
amounts of fine sediment, and abundant in West and East Corral de Piedra creeks (Table 8). In 
both reaches availability increased with increasing flows (Table 8 and Figures 28–30). Results of 
t-tests show significant differences between nearly all flows assessed for both reaches (Table 9). 
 
In general, productive BMI habitat was found within riffles, which is likely due to the larger 
substrate typically found in riffles and lacking from pools (Table 14, Figure 30). Although 
streams are often most productive during spring, productive macroinvertebrate habitat is required 
year-round to support salmonids, especially if summer water temperatures necessitate increased 
food availability to meet metabolic demand (Krug et al. 2012). Flows in lower Pismo Creek are 
most critical for macroinvertebrate productivity during summer, when flows are often lower than 
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2 cfs (Table 1) and macroinvertebrate habitat is less abundant. Flows in West Corral and East 
Corral de Piedra creeks are often intermittent during summer, which will clearly not support BMI 
production and food availability for rearing steelhead. 
 

Table 14. Total available benthic macroinvertebrate habitat area estimates with 90% 
Confidence Intervals (CI) by habitat type. 

Measured 
flow (cfs) 

Total available macroinvertebrate 
habitat area with 90% CI (x1,000ft2) 

Percent macroinvertebrate habitat area 
by habitat type 

Pool Riffle Run Pool Riffle Run 

Lower Pismo Creek 

0.48 1 (±1) 3 (±2) 0 (±0) 32% 65% 2% 

1.10 0 (±0) 4 (±3) 1 (±2) 0% 80% 20% 

2.50 8 (±2) 7 (±10) 8 (±9) 36% 29% 36% 

2.95 8 (±3) 8 (±16) 9 (±9) 31% 31% 37% 

West and East Corral de Piedra Creeks 

0.44 0 (±0) 14 (±11) 0 (±0) 2% 98% 0% 

1.57 1 (±1) 153 (±98) 3 (±7) 1% 97% 2% 

2.11 3 (±5) 160 (±90) 19 (±33) 2% 88% 10% 

2.84 7 (±5) 180 (±129) 180 (±54) 2% 49% 49% 

 
 

 
Figure 28. Total available habitat area estimates with 90% CI for macroinvertebrates at 

measured flows in Lower Pismo Creek. 
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Figure 29. Total available habitat area estimates with 90% CI for macroinvertebrates at 

measured flows West and East Corral de Piedra creeks. 
 
 

 
Figure 30. Example of areas with macroinvertebrate habitat increasing in suitability as flows 

increase in Reach 4 at 0.44 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). 

0

50

100

150

200

250

300

350

400

0.44 1.57 2.11 2.84

To
ta

l A
va

ila
bl

e 
H

ab
ita

t A
re

a 
(x

10
00

ft2
)

Flow (cfs)

Macroinvertebrate



 Assessing Instream Flows in the Pismo Creek Watershed 

 
April 2016 Stillwater Sciences 

42 

3.3 PHABSIM Modeling 

3.3.1 Data collected for hydraulic modeling 

Hydraulic model data collection included surveys to collect transect specific data for stream 
channel profile, velocity profiles, water surface elevations (WSEL), stream gradient, and stage of 
zero flow. Surveys were conducted between October 2013 and March 2016. Three calibration 
flows between 0.5 and 7.5 cfs were targeted to characterize the range of variability in Pismo 
Creek. Surveyed flows are summarized by reach in Table 15 below. 
 
Table 15. Summary of discharge measurements collected for calibration of reaches 1, 2, and 4. 

Reach 
Low flow Mid flow High flow 

Measured 
flow Date Measured 

flow Date Measured 
flow Date 

1 0.73 3/1/2016 1.46 3/18/2016 2.95 3/8/2016 
2 na na na na na Na 
4 0.65 1/26/2016 1.57 1/20/2016 2.84 3/7/2016 

 
 

3.3.2 Hydraulic calibration 

Hydraulic calibration results of water surface elevation and velocity for the Pismo Creek model 
are shown in Table 16 and are summarized in Table 17. A stage-discharge calibration objective 
for mean error (≤10%) was used to determine the adequacy of individual transect rating curves, 
with predicted water surface elevations within 0.1 feet of measured elevations.  A total of 5 of the 
14 transects in Reach 1 and 2 of the 12 transects in Reach 4 were dropped due to stage-discharge 
discrepancies that could not be resolved.  The mean error reflects the average difference between 
observed and predicted stage values for all of the calibration flows for each transect using the 
IFG4 method; mean errors ranged from 0.99% to 8.36% (Table 16 and Table 17). Transects with 
mean errors greater than 10% were calibrated using the MANSQ method. The range of beta 
values for transects using MANSQ calibration was 0.51 to 0.64. Both the mean error and/or beta 
value metrics were generally within acceptable ranges for the remaining transects.  Differences 
between observed and predicted water surface elevations ranged from 0.0 to 0.10 feet (Table 16 
and Table 17).  
 

Table 16. Hydraulic calibration results for the Pismo Creek PHABSIM model. 

Study 
reach  Transect Method 

Mean 
error 
(%) 

Beta 
Observed-predicted 

WSE VAF VAF 
Rating Low Mid High 

Reach 1 

T1-Run IFG4 3.93 0.58 0.00 0.01 -0.01 1.09 Good 
T4-Tail MANSQ 15.69 0.55 0.00 0.07 0.00 1.59 Poor 

T5B-Tail IFG4 8.36 0.78 -0.01 0.02 -0.01 0.91 Good 
T5C-Pool IFG4 6.47 0.86 -0.01 0.02 -0.01 0.50 Poor 
T6-Run IFG4 0.99 0.71 0.00 0.00 0.00 0.51 Poor 
T7-Tail MANSQ 19.60 0.58 0.00 0.08 0.00 1.07 Good 
T9-Run MANSQ 21.45 0.51 0.00 0.10 0.00 0.95 Good 

T9A-Run MANSQ 18.49 0.51 0.00 0.10 0.00 0.90 Good 
T10-Rif MANSQ 16.90 0.64 0.00 0.05 0.00 0.59 Poor 

Reach 2 Na Na Na Na Na Na Na Na Na 
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Study 
reach  Transect Method 

Mean 
error 
(%) 

Beta 
Observed-predicted 

WSE VAF VAF 
Rating Low Mid High 

Reach 4 

T1-Rif IFG4 1.79 0.28 0.00 0.00 0.00 0.85 Fair 
T2-Run IFG4 1.74 0.65 0.00 0.00 0.00 0.95 Good 
T3-Tail IFG4 8.79 0.34 -0.01 0.03 -0.02 1.34 Poor 
T4-Pool IFG4 3.41 0.67 0.00 -0.01 0.01 1.45 Poor 
T5-Rif IFG4 2.68 0.28 0.00 0.00 0.00 1.10 Good 
T6-Tail IFG4 2.54 0.55 0.00 0.00 0.00 0.90 Good 
T9-Run IFG4 7.79 0.53 -0.01 0.04 -0.02 0.90 Good 
T10-Rif IFG4 1.66 -0.10 0.00 0.00 0.00 0.68 Poor 
T11-Tail IFG4 5.00 0.72 0.00 -0.01 0.01 1.07 Good 
T12-Pool IFG4 6.11 0.85 0.00 -0.01 0.01 2.22 Poor 

 
 
The one-flow velocity method, using a single set of velocities collected at the target calibration 
flows (0.68 cfs in reach 1 and 1.57 cfs in reach 4), was used for all transects for velocity 
calibration. Velocity simulations for higher and lower flows were evaluated based on examination 
of VAFs and reasonableness of individual cell velocities over the range of flows being simulated. 
VAFs in the range of 0.8 to 1.2 at the calibration flow are considered acceptable, with a rating of 
“Good” assigned to VAFs within 0.9 to 1.1, and a rating of “Fair” assigned to VAFs within the 
0.8 to 0.9 or 1.1 to 1.2 ranges. VAFs less than 0.8, or exceeding 1.2 are given a rating of “Poor.” 
In Reach 1 five of the nine transects had a rating of “Good” and four transects had a “Poor” 
rating.  In Reach 4 five out of the ten transects had a rating of “Good”, one transect had a rating 
of “Fair” and four transects had a “Poor” rating.  Overall, calibration results indicate some 
challenges to the “open-channel” hydraulic assumptions of the model are being demonstrated in 
both reaches and that model performance may be compromised to some degree.  However, given 
the relatively low magnitude of the calibration flows, the associated error in predicted values is 
proportionally diminished. 
 
Table 17. Summary of hydraulic calibration results for the two study reaches of Pismo Creek.  

Study 
reach 

Total 
number of 
transects 

Mean error ≤ 5% Velocity Adjustment Factor (VAF) 
ratinga 

Total (%) Total 
(Good) 

Total 
(Fair) 

Total 
(Poor) 

Reach 1 9 2 22 5 0 4 
Reach 4 10 6 60 5 1 4 
a 0.9 to 1.1 rated as good, 0.8 to 0.9 and 1.1 to 1.2 rated as fair, less than 0.8 and greater than 1.2 rated as poor. 

 
 

3.3.3 Weighted usable area 

Flow-habitat relationships for each study reach are expressed as WUA in unit increments (ft2 per 
1,000 ft) and shown for all life stages using habitat suitability criteria selected for this study. The 
simulation flow ranged from 0.1 to 10 cfs.  The WUA estimates were developed from transects 
with suitable hydraulic calibration, weighted to represent percent occurrence of mapped habitats 
within each reach.   
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3.3.3.1 Lower Pismo Creek 

In lower Pismo Creek fry habitat appears to decrease with increasing flow (Figure 31). The 
channel in lower Pismo Creek is relatively confined, so as flows increase water velocities also 
increase throughout the channel.  Both age 1+ juvenile rearing habitat and spawning habitat 
increased with increasing flow (Figure 31). It appears that suitable juvenile rearing habitat 
increases substantially from 0.1 to 5 cfs, and then increasing flows result in only minor increases 
in habitat.  Within the range of flows modeled spawning habitat continues to increase with 
increasing flow (Figure 31).  Tabular WUA results are shown in Attachment E. Transect photos 
for each flow events are included in Attachment D. 
 

 
Figure 31. Life stage-specific weighted usable area (WUA) available to steelhead over the 

range of simulated flows in lower Pismo Creek. 
 
 
3.3.3.2 West and East Corral de Piedra Creeks 

In West and East Corral de Piedra creeks fry habitat appears to increase with increasing flows 
between 0.1 and 2 cfs (Figure 32), likely as result of increased wetted area in the relatively 
unconfined channel. As flows increase over 2 cfs fry habitat begins to decrease (Figure 32), as is 
expected with increasing water velocity. Both age 1+ juvenile rearing habitat and spawning 
habitat increased with increasing flow (Figure 32). Within the range of flows modeled both 
spawning habitat and juvenile rearing habitat continues to increase with increasing flow (Figure 
32). Tabular WUA results are shown in Attachment E. Transect photos for each flow events are 
included in Attachment D. 
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Figure 32. Life stage-specific weighted usable area (WUA) available to steelhead over the 

range of simulated flows in West and East Corral de Piedra creeks. 
 
 

3.4 Methods Comparison 

Both habitat criteria mapping and PHABSIM modeling were used to assess flow-habitat 
relationships in Pismo Creek. Habitat criteria mapping results were converted from total area (x 
1,000 ft2) into incremental unit areas (ft2/1,000 ft) for ease of comparison with the PHABSIM 
modeling results. Macroinvertebrate habitat and summer juvenile rearing habitat were not 
modeled, and were only considered in the HCM approach. Synthesis of these two methods is 
discussed below.  
 
Available spawning habitat in both lower Pismo Creek and in West and East Corral de Piedra 
creeks is most abundant at the highest modeled flows (10 cfs) and at the highest flows evaluated 
using HCM (figures 33 and 34). Both methods show generally similar results for spawning 
habitat in both reaches.  The main differences are in Reach 1where a sharp increase in spawning 
habitat was observed near 3.0 cfs using the HCM, whereas a more gradual increase is predicted 
using the PHABSIM approach.  
 
Available fry habitat in lower Pismo Creek is most abundant near the lowest modeled flow (0.1 
cfs) using the PHABSIM model and at the lowest flow evaluated using HCM (0.48 cfs) (Figure 
35). The shapes of the two curves differ, yet both curves show fry habitat availability generally 
decreasing as flows increase. The differences between the two curves are most notable at flows of 
0.48 to 2.5 cfs; where the HCM results show a larger amount of suitable fry habitat than what was 
modeled.  
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Available fry habitat in West and East Corral de Piedra creeks increases at flows from 0.1 cfs to 2 
cfs, and then declines with increasing flow (Figure 36); whereas the HCM approach observed 
abundant fry habitat varying considerably between flows. The difference between the two 
methods is likely the result how available fry habitat shifts as flows vary in the relatively un-
confined channel. As discussed above in Section X, as flows increase the relatively un-confined 
channel the location of fry habitat shifts out of high velocity habitat and into newly inundated 
perimeter habitat, which the transect based approach of PHABSIM does not model well.  
 
The flow-habitat relationship for age-1+ juvenile spring habitat in both Lower Pismo Creek and 
in West and East Corral de Piedra creeks appears to follow a similar trend using both methods; 
showing an increase in suitable habitat with increasing flows (figures 37 and 38). In lower Pismo 
Creek the model covers a larger range of flows than HCM, and indicates that suitable habitat may 
only increase until about 7 cfs; whereas in West and East Corral de Piedra creeks there is not 
apparent maximum and habitat may continue to increase with increasing flows (Figure 38). The 
most notable difference between the two methods is that the model predicts suitable habitat for 
juveniles at the lowest flows modeled (0.1 cfs), whereas the HCM approach we did not observe 
suitable juvenile rearing habitat in substantial amounts until flows were over 2 cfs. This 
difference is a result of the Big Sur habitat suitability criteria, which considers suitable habitat for  
age 1 juvenile rearing to occur even at water depths less than 1.0 feet and water velocities down 
to zero; whereas the habitat criteria used for the HCM approach does not.    
 

 
Figure 33. Flow-habitat relationships for spawning habitat in Pismo Creek based on PHABSIM 

model results using criteria developed for San Gregorio Creek and results from the 
Habitat Criteria Mapping. 
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Figure 34. Flow-habitat relationships for spawning habitat in West and East Corral de Piedra 

creeks based on PHABSIM model results using criteria developed for San Gregorio 
Creek and results from the Habitat Criteria Mapping. 

 
 

 
Figure 35. Flow-habitat relationships for age 0+ fry habitat in Pismo Creek based on PHABSIM 

model results using criteria developed for the Big Sur River and results from the 
Habitat Criteria Mapping. 
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Figure 36. Flow-habitat relationships for age 0+ fry habitat in West and East Corral de Piedra 

creeks based on PHABSIM model results using criteria developed for the Big Sur 
River and results from the Habitat Criteria Mapping. 

 
 

 
Figure 37. Flow-habitat relationships for age 1+ juvenile spring rearing habitat in Pismo Creek 

based on PHABSIM model results using criteria developed for the Big Sur River and 
results from the Habitat Criteria Mapping. 
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Figure 38. Flow-habitat relationships for age 1+ juvenile spring rearing habitat in West and 

East Corral de Piedra creeks based on PHABSIM model results using criteria 
developed for the Big Sur River and results from the Habitat Criteria Mapping. 

 
 

4 CONCLUSIONS 

The combination of HCM and 1D PHABSIM were selected based on the best available 
information at the time that the work plan was developed in 2013. Unbeknownst to the research 
team, all work for this study was to be conducted during an extreme drought in central coastal 
California, which challenged the ability to evaluate a range of instream flows. The methods 
selected proved to be highly accurate at evaluating rearing habitat for juvenile steelhead during 
low flows, and less accurate for evaluating fish passage and spawning needs during high flows.  
 
Adult steelhead migration in Pismo Creek is anticipated to occur during relatively low duration 
and high magnitude flow events. It appears that precipitation events substantial enough to breach 
the estuary bar, displace beaver dams, and support fish passage for adult steelhead in Pismo 
Creek and through Edna Valley will occur on average every year or two. In the absence of high 
flows associated with precipitation events, adult upstream migration is unlikely. In addition, 
steelhead passage is impeded at the Union Pacific Railroad box culvert and associated defective 
fish ladder located in Reach 2. Central Coast Salmon Enhancement has completed a 100% design 
program to remove the fish ladder and restore passage using an in-channel step-pool roughened 
ramp. CDFW has accepted the design and CCSE is seeking funding to implement the design. 
  
Conditions for passage of juvenile steelhead are achieved at flows which generally occur during 
the downstream migration period (Figure 1) and during summer flows as low as 1 cfs (Table 1). 
Flows required to support movement among habitat units become insufficient as flows drop to 
less than 1 cfs (Figure 19).  
 
Spawning habitat is limited in lower Pismo Creek, and is far more abundant in West and East 
Corral de Piedra creeks due to the presence of suitable substrate. Flows of over 3 cfs are required 
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to support substantial spawning habitat, which is likely to occur during the same precipitation 
events required to support fish passage discussed above. Fry habitat in Pismo Creek appears to be 
generally abundant for fry, even with flows less than 1 cfs, suggesting that low summer instream 
flows do not limit potential rearing habitat for age-0+ steelhead. However, during years when 
summer flows decrease to less than 0.1 cfs, pools within localized reaches become intermittent 
and unsuitable for steelhead, and clearly limit potential production. 
 
Because food and space requirements increase as fish grow, a reach of stream will typically 
support far fewer age 1+ than age 0+ steelhead. Based on the existing flows in Pismo Creek, the 
lack of suitable habitat for juveniles during spring and summer likely limits the production of 
steelhead in the watershed. In both lower Pismo Creek and West and East Corral de Piedra creeks 
flows of over 2.5 cfs would protect and ensure spring fry and juvenile growth and rearing habitat. 
These flows would also support sufficient macroinvertebrate production. During summer, flows 
of at least 0.5 cfs could ensure the maintenance of habitat for fry and juveniles, assuming that 
water temperatures are suitable.  
 
Although winter rearing and refuge habitat was not directly addressed in this study, a lack of 
suitable winter habitat has been documented to limit steelhead populations in many other 
California coastal watersheds. In general, suitable low velocity refuge habitat appears to be 
infrequent in lower Pismo Creek and more abundant in West and East Corral de Piedra creeks, 
but high flow conditions could not be directly assessed during this study. Restoration projects are 
being planned by CCSE to increase winter refuge habitat in lower Pismo Creek by increasing 
large woody debris and off-channel habitat. 
 
Similar to the pattern observed in other central California streams (Boughton et al. 2009), habitat 
conditions in the Pismo Creek watershed are segregated, with the highest quality spawning 
habitat located in upper reaches, and favorable flows for summer rearing located in the lower 
mainstem. When habitat is segregated like it is in this watershed, adult and juvenile fish passage 
is critical for fish to access suitable spawning and rearing habitat. This segregation dynamic 
increases the urgency of addressing fish passage in the Pismo Creek watershed, as highlighted in 
the Pismo Creek Watershed Management Plan (CCSE 2009), and in the National Marine 
Fisheries Service recovery plan (NMFS 2012).  
 
Our original objective for this project was to determine the amount of flow that will protect basic 
ecological functions for steelhead in the Pismo Creek watershed, and specifically determine if 
existing water rights conditions/flow requirements are protective of steelhead, and generate flow 
recommendations that could be used to establish flow objectives in the watershed.   
 
Overall, maintaining flows in West Corral de Piedra, East Corral de Piedra, and lower Pismo 
Creek over 2.5 cfs during spring, over 0.5 cfs during summer, and over 1.5 cfs the remainder of 
the year will protect and maintain steelhead in the watershed (Table 18).  Recommended 
locations for instream flow compliance include West Corral de Piedra at the Righetti Bridge on 
Righetti Road; East Corral de Piedra at the Morretti Bridge on Morretti Canyon Road; and lower 
Pismo Creek at the Price Canyon House. These locations are accessible for monitoring, and at the 
downstream end of their representative reaches.   
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Table 18. Summary of minimum flow recommendations for West and East Corral de Piedra 
Creeks, and lower Pismo Creek.  

Month Recommended minimum flow (cfs)* 
to support rearing 

January 1.5 
February 1.5 
March 2.5 
April 2.5 
May 2.5 
June 1.5 
July 0.5 
August 0.5 
September 0.5 
October 0.5 
November 1.5 
December 1.5 
*  minimum flow recommendations to support rearing are for an assumed average 

water year. It is assumed that during a dry water year minimum flows may not be 
achieved, and during a wet water year minimum flows would be exceeded.  

 
 
Under existing conditions flows to support adult migration and spawning are precipitation driven, 
and likely to be supported despite water management in the watershed. It appears that bypass 
flow requirements in lower Pismo Creek, including the current release of treated water from the 
Freeport McMoRan are sufficient to support fry rearing and age 1+ summer rearing in lower 
Pismo Creek. Flows to support spring age 1+ summer rearing and macroinvertebrate production 
(i.e., food availability) are currently insufficient to support favorable growth conditions for 
juvenile steelhead during spring in lower 
Pismo Creek.  
    
The existing bypass flow requirements in 
West Corral de Piedra downstream of the 
Righetti Dam do not appear to be sufficient to 
maintain perennially wetted habitat with flows 
sufficient to support fry or juvenile rearing 
year-round. Existing flows in East Corral de 
Piedra appear to be similarly insufficient, 
although the occurrence of water diversions is 
not well documented there.   
 
Addressing upstream fish passage obstacles in 
the watershed, and increased spring and summer flows would likely increase production of 
steelhead populations. Finally, increased monitoring of existing surface flow conditions in the 
watershed would support a more nuanced understanding of the threats and opportunities for the 
population. In particular, monitoring flow would be useful in lower Pismo Creek, and both the 
lower and upper reaches of East and West Corral de Piedra creeks.  
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Table A-1. Steelhead spawning habitat suitability criteria. 

Water Velocity 

(ft/s) 

Suitability 

Index 

Water Depth 

(ft) 

Suitability 

Index 

Substrate size 

(D50, in) 

Suitability 

Index 

0.00 0.00 0.30 0.00 0.00 0.00 

0.50 0.30 0.80 0.60 0.19 0.00 

1.00 0.60 0.90 0.85 0.20 0.60 

1.40 0.80 0.98 0.90 0.50 0.85 

1.75 0.98 1.50 1.00 0.75 0.98 

2.00 1.00 10.00 1.00 1.00 1.00 

2.25 0.98 -- -- 1.25 0.98 

2.60 0.80 -- -- 1.50 0.85 

3.00 0.60 -- -- 1.80 0.60 

3.50 0.30 -- -- 2.00 0.40 

4.00 0.00 -- -- 2.25 0.20 

-- -- -- -- 2.50 0.00 

 

 

 
Figure A-1.  Steelhead spawning velocity HSC.  
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Figure A-2. Steelhead spawning depth HSC.  

 

 
Figure A-3. Steelhead spawning substrate HSC. 
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Table A-2. Steelhead age 0+ fry habitat suitability criteria. 

Water Velocity (ft/s) Suitability Index Water Depth (ft) Suitability Index 

0.00 0.89 0.00 0.00 

0.04 0.92 0.04 0.00 

0.07 0.95 0.08 0.69 

0.11 0.97 0.11 0.74 

0.14 0.99 0.15 0.78 

0.18 1.00 0.19 0.83 

0.25 1.00 0.23 0.86 

0.29 0.99 0.27 0.90 

0.32 0.98 0.30 0.93 

0.36 0.96 0.34 0.95 

0.40 0.94 0.38 0.97 

0.43 0.91 0.42 0.99 

0.47 0.88 0.46 1.00 

0.51 0.85 0.53 1.00 

0.54 0.82 0.57 0.99 

0.58 0.78 0.61 0.98 

0.61 0.74 0.65 0.96 

0.65 0.71 0.68 0.94 

0.69 0.67 0.72 0.91 

0.72 0.63 0.76 0.88 

0.76 0.60 0.80 0.85 

0.79 0.56 0.84 0.82 

0.83 0.52 0.87 0.79 

0.87 0.49 0.91 0.75 

0.90 0.46 0.95 0.72 

0.94 0.43 0.99 0.68 

0.97 0.40 1.03 0.65 

1.01 0.37 1.06 0.61 

1.05 0.35 1.10 0.58 

1.08 0.32 1.14 0.55 

1.12 0.30 1.18 0.51 

1.16 0.28 1.22 0.49 

1.19 0.26 1.25 0.46 

1.23 0.24 1.29 0.43 

1.26 0.22 1.33 0.40 

1.30 0.21 1.37 0.38 

1.34 0.19 1.41 0.36 

1.37 0.18 1.44 0.34 

1.41 0.17 1.48 0.31 

1.44 0.15 1.52 0.30 

1.48 0.14 1.56 0.28 

1.52 0.13 1.60 0.26 

1.55 0.12 1.63 0.24 

1.59 0.11 1.67 0.23 

1.62 0.10 1.71 0.21 
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Water Velocity (ft/s) Suitability Index Water Depth (ft) Suitability Index 

1.66 0.09 1.75 0.20 

1.70 0.09 1.79 0.18 

1.73 0.08 1.82 0.17 

1.77 0.07 1.86 0.16 

1.80 0.07 1.90 0.15 

1.84 0.06 1.94 0.14 

1.88 0.05 1.98 0.13 

1.91 0.05 2.01 0.12 

1.95 0.05 2.05 0.11 

1.99 0.04 2.09 0.10 

2.02 0.04 2.13 0.09 

2.06 0.03 2.17 0.09 

2.09 0.03 2.20 0.08 

2.13 0.03 2.24 0.07 

2.17 0.02 2.28 0.07 

2.31 0.02 2.32 0.06 

2.35 0.01 2.36 0.06 

2.67 0.01 2.39 0.05 

2.71 0.00 2.43 0.05 

-- -- 2.47 0.04 

-- -- 2.55 0.04 

-- -- 2.58 0.03 

-- -- 2.70 0.03 

-- -- 2.74 0.02 

-- -- 2.96 0.02 

-- -- 3.00 0.01 

-- -- 3.80 0.01 

-- -- 3.81 0.00 
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Figure A-4. Steelhead age 0+ fry velocity HSC. 

 

  
Figure A-5. Steelhead age 0+ fry depth HSC.  
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Table A-3. Steelhead age 1+ juvenile spring rearing habitat suitability criteria. 

Water Velocity (ft/s) Suitability Index Water Depth (ft) Suitability Index 

0.00 0.00 0.00 0.48 

0.54 0.00 0.05 0.53 

0.59 0.40 0.11 0.57 

0.62 0.46 0.16 0.61 

0.67 0.51 0.21 0.65 

0.71 0.55 0.27 0.70 

0.76 0.60 0.32 0.74 

0.81 0.64 0.38 0.77 

0.85 0.68 0.43 0.81 

0.90 0.73 0.48 0.84 

0.95 0.77 0.54 0.88 

1.00 0.80 0.59 0.90 

1.04 0.84 0.64 0.93 

1.09 0.87 0.70 0.95 

1.14 0.90 0.75 0.97 

1.19 0.93 0.80 0.98 

1.24 0.95 0.86 0.99 

1.28 0.97 0.91 1.00 

1.33 0.98 1.47 1.00 

1.38 0.99 1.52 0.99 

1.43 1.00 1.57 0.98 

1.67 1.00 1.62 0.97 

1.72 0.99 1.68 0.95 

1.76 0.98 1.73 0.94 

1.81 0.97 1.78 0.92 

1.86 0.95 1.83 0.89 

1.91 0.93 1.89 0.87 

1.96 0.91 1.94 0.84 

2.01 0.89 1.99 0.81 

2.06 0.86 2.04 0.78 

2.11 0.83 2.10 0.74 

2.16 0.80 2.15 0.71 

2.21 0.77 2.20 0.68 

2.25 0.74 2.25 0.64 

2.30 0.71 2.31 0.61 

2.35 0.68 2.36 0.57 

2.40 0.65 2.41 0.54 

2.45 0.62 2.46 0.50 

2.50 0.58 2.52 0.47 

2.55 0.55 2.57 0.44 

2.60 0.52 2.62 0.41 

2.65 0.50 2.67 0.38 

2.70 0.47 2.72 0.35 

2.74 0.44 2.78 0.32 
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Water Velocity (ft/s) Suitability Index Water Depth (ft) Suitability Index 

2.79 0.42 2.83 0.30 

2.84 0.39 2.88 0.27 

2.89 0.37 2.93 0.25 

2.94 0.35 2.99 0.23 

2.99 0.33 3.04 0.21 

3.04 0.31 3.09 0.19 

3.09 0.30 3.14 0.17 

3.14 0.28 3.20 0.16 

3.19 0.27 3.25 0.14 

3.23 0.25 3.30 0.13 

3.28 0.24 3.35 0.12 

3.33 0.23 3.41 0.11 

3.38 0.21 3.46 0.10 

3.43 0.20 3.51 0.09 

3.48 0.19 3.56 0.08 

3.53 0.18 3.62 0.07 

3.58 0.17 3.67 0.06 

3.63 0.16 3.72 0.06 

3.68 0.15 3.77 0.05 

3.72 0.14 3.83 0.05 

3.77 0.13 3.88 0.04 

3.82 0.13 3.93 0.04 

3.87 0.12 3.98 0.03 

3.92 0.11 4.09 0.03 

3.97 0.10 4.14 0.02 

4.02 0.10 4.40 0.02 

4.07 0.09 4.45 0.01 

4.12 0.08 5.24 0.01 

4.17 0.08 5.25 0.00 

4.21 0.07 -- -- 

4.26 0.06 -- -- 

4.31 0.06 -- -- 

4.36 0.05 -- -- 

4.41 0.05 -- -- 

4.46 0.05 -- -- 

4.51 0.04 -- -- 

4.56 0.04 -- -- 

4.61 0.03 -- -- 

4.66 0.03 -- -- 

4.70 0.03 -- -- 

4.75 0.02 -- -- 

4.80 0.02 -- -- 

4.85 0.02 -- -- 

4.90 0.02 -- -- 
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Figure A-6. Steelhead age 1+ juvenile spring rearing velocity HSC. 

 

 
Figure A-7.  Steelhead age 1+ juvenile spring rearing depth HSC. 
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Figure B-1.  Reach 1, PP 1 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs  (c), and 2.95 cfs (d). Downstream.  

a 

c d 

b 



Figure B-2.  Reach 1, PP 1 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs and debris dam (c), and 2.95 cfs (d). Upstream.  

a b 

c d 



Figure B-3.  Reach 1, PP 2 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Downstream.  

a b 

c d 



Figure B-4.  Reach 1, PP 2 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs and debris dam (c), and 2.95 cfs (d). Upstream.  

a b 

c d 



Figure B-5.  Reach 1, PP 3 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Downstream.  

a b 

c d 



Figure B-6.  Reach 1, PP 3 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Upstream.  

a b 

c d 



Figure B-7.  Reach 1, PP 4 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c) and  2.95  cfs (d). Downstream.  

a b 

c d 



Figure B-8.  Reach 1, PP 4 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and X cfs (d). Upstream.  

a b 

c d 



Figure B-9.  Reach 1, PP 5 at 0.48 cfs (a), 1.1 0cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Downstream.  

a b 

c d 



Figure B-10.  Reach 1, PP 5 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Upstream.  

a 

c d 

b 



Figure B-11.  Reach 2, PP 1 at 0.01 cfs looking downstream (a) and upstream (b).  

a b 

a b 
Figure B-12.  Reach 2, PP 2 at 0.01 cfs looking downstream (a) and looking upstream (b). 



Figure B-13.  Reach 2, PP 3 at 0.01 cfs looking downstream (a) and looking upstream (b). 

a 

a b 

b 

Figure B-14.  West Corral de Piedra, PP1 at 0.01 cfs looking downstream (a) and looking upstream (b). 



Figure B-15.  West Corral de Piedra, PP 5 at 0.01 cfs looking downstream (a) and looking upstream (b). 

a 

c d 

b 

Figure B-16.  West Corral de Piedra, PP 5 at 0.01 cfs looking downstream (a) and looking upstream (b). 



Figure B-17.  West Corral de Piedra, PP 6 at 0.01 cfs looking downstream (a) and looking upstream (b). 

a b 

a b 

Figure B-18. East Coral De Piedra, PP 1 at 0 cfs looking downstream (a), and looking upstream (b). 



Figure B-19. East Coral De Piedra, PP 2 at 0 cfs looking downstream (a) and looking upstream (b). 

a b 

c d 



Figure B-20.  Reach 4, PP 1 at 0.44 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Downstream.  

a b 

c d 



Figure B-21.  Reach 4, PP 1 at 0.44 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Upstream.  

a b 

c d 



Figure B-22.  Reach 4, PP 2  at 0.5 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Downstream.  

a 

c d 

b 



Figure B-23.  Reach 4, PP 2  at 0.5 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Upstream.  

a 

c 
d 

b 



Figure B-24.  Reach 4, PP 3  at 0.44 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Downstream.  

a b 

c d 



Figure B-25.  Reach 4, PP 3  at 0.44cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Upstream.  

a b 

c d 



Figure B-26.  Reach 4, PP 4  at 0.44 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Downstream.  

a 

c d 

b 



Figure B-27.  Reach 4, PP 4  at 0.44cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Upstream.  

a b 

c d 



Figure B-28.  Reach 4, PP 5 at 0.5 cfs (a), 1.5 cfs (b), 2.0 cfs (c), and 3.0 cfs (d). Downstream.  

a 

c d 

b 



Figure B-29.  Reach 4, PP 5  at 0.44 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Upstream.  

a b 

c d 



Figure B-30.  Reach 4, PP 6  at 0.44 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Downstream.  

a 

c d 

b 



Figure B-31.  Reach 4, PP 6  at 0.44 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d).` Upstream.  

a 

c d 

b 
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Figure C-1.  Reach 1, Transect 1 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Downstream.  

a 
b 

c 
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c d 

Transect 1 not surveyed at 2.50 cfs 



Figure C-2.  Reach 1, Transect 1 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Upstream.  

a 
b 

c d 
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c d 

Transect 1 not surveyed at 2.50 cfs 



Figure C-3.  Reach 1, Transect 2 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Downstream.  

a 
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c d 



Figure C-4.  Reach 1, Transect 2 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Upstream.  

a 

d 
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c d 



Figure C-51.  Reach 1, Transect 3 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Downstream.  
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b 

c d 
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c d 



Figure C-6.  Reach 1, Transect 3 at 0.48 cfs (a), 1.10 cfs (b), 2.50 cfs (c), and 2.95 cfs (d). Upstream.  

a 
b 
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c d 



Figure C-7.  Reach 4, Transect 1 at 0.65 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Downstream.  

a 

c d 

b 



Figure C-8.  Reach 4, Transect 1 at 0.65 cfs (a), 1.57 cfs (b), 2.11 cfs (c), and 2.84 cfs (d). Upstream.  

a 

c d 

b 
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c 

Figure D-1. Reach 1, Transect 1 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 

d 



a 
b 

Figure D-2. Reach 1, Transect 1 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 

a 

c 
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c 
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a 

c 

Figure D-3. Reach 1, Transect 3 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 



a b 
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a 

c 

Figure D-4. Reach 1, Transect 3 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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c 

Figure D-5. Reach 1, Transect 4 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 
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c 

Figure D-6. Reach 1, Transect 4 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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b 
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a 

c 

Figure D-7. Reach 1, Transect 5 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 
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c Reach 1 Transect 5 looking upstream.  a) 0.75 cfs (3/2/2016) b) 1.00 

cfs (3/4/2014), and c) 3.00 cfs (3/08/2016) 
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Figure D-8. Reach 1, Transect 5 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure D-9. Reach 1, Transect 5a at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 
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Figure D-10. Reach 1, Transect 5a at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure D-11. Reach 1, Transect 5b at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 
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Figure D-12. Reach 1, Transect 5b at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure D-13. Reach 1, Transect 5c at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 
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Figure D-14. Reach 1, Transect 5c at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure D-15. Reach 1, Transect 6 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 
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Figure D-16. Reach 1, Transect 6 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure D-17. Reach 1, Transect 7 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 
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Figure D-18. Reach 1, Transect 7 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure D-19. Reach 1, Transect 8 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 



a 
b 

c 

a 

c 

Figure D-20. Reach 1, Transect 8 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure D-21. Reach 1, Transect 9 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 
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Figure D-22. Reach 1, Transect 9 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure D-23. Reach 1, Transect 9a at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 



a 
b 

c 

a 

c 

Figure D-24. Reach 1, Transect 9a at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure D-25. Reach 1, Transect 10 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Downstream 
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Figure D-26. Reach 1, Transect 10 at 0.73 cfs (a) 1.47cfs (b), and 2.94 cfs (c). Upstream 
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Figure E-1.  Reach 4, Transect 1 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-2.  Reach 4, Transect 1 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-3.  Reach 4, Transect 2 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-4.  Reach 4, Transect 2 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-5.  Reach 4, Transect 3 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-6  Reach 4, Transect 3 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-7  Reach 4, Transect 4 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-8  Reach 4, Transect 4 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-9  Reach 4, Transect 5 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-10  Reach 4, Transect 5 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-11  Reach 4, Transect 6 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-12  Reach 4, Transect 6 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-13  Reach 4, Transect 7 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-14  Reach 7, Transect 4 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-15  Reach 4, Transect 8 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-16  Reach 4, Transect 8 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-17  Reach 4, Transect 9 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-18  Reach 4, Transect 9 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-19  Reach 4, Transect 10 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-20  Reach 4, Transect 10 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-21  Reach 4, Transect 11 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-22  Reach 4, Transect 11 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Figure E-23  Reach 4, Transect 12 at 0.65 cfs (a), and 2.84 cfs (b). Upstream.  
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Figure E-24  Reach 4, Transect 12 at 0.65 cfs (a), and 2.84 cfs (b). Downstream.  
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Table F-1. Weighted Usable Area (WUA) Results for Lower Pismo Creek, and West and East 
Corral de Piedra creeks. 

Simulated 

discharge (cfs) 

WUA (ft
2
/1,000 ft of stream) 

Spawning  Age 0+ fry Age 1+ spring 

Lower Pismo Creek 

0.10 4 4,220 1,758 

0.25 12 4,409 1,894 

0.50 27 4,485 2,183 

0.71 42 4,472 2,369 

1.00 63 4,400 2,624 

1.46 95 4,265 2,894 

2.00 130 4,081 3,136 

2.94 181 3,766 3,485 

5.00 268 3,272 4,023 

7.00 324 2,893 4,301 

10.00 359 2,448 4,346 

West and East Corral de Piedra creeks 

0.10 9 3,779 636 

0.25 23 4,958 810 

0.50 53 5,572 998 

0.65 72 5,736 1,088 

1.00 119 5,988 1,307 

1.57 220 6,162 1,695 

2.00 302 6,176 1,945 

2.84 453 6,090 2,352 

5.00 742 6,062 3,459 

7.00 902 6,053 3,931 

10.00 1130 5,944 4,438 
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