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1.0 Executive Summary  

Stratified random sampling was conducted in 4 to 14 study sites encompassing 46 to 308 sampling 
units distributed throughout the Ventura River Basin over a seven year period (2006-2012).  
Abundance of O. mykiss was estimated using dive counts and electrofishing under the Method of 
Bounded Counts protocols in pools, flatwaters, and riffles in most years to produce overall 
abundance estimates at study site and basin segment spatial scales according to fish size class (fry at 
<10cm and juvenile+ at >10cm).   Abundance estimates displayed significant spatial and temporal 
variation, with consistently highest abundance and densities (#/100 ft2) in the upper segment above 
Matilija Dam (resident rainbow trout only) and in the middle segment between Robles Diversion 
Dam and Matilija Dam (mixture of resident and anadromous O. mykiss).  Maximum estimated 
densities of 3-7 O. mykiss fry/100 ft2 and 1-2 juvenile+/100 ft2, were routinely observed in the upper 
North Fork and lower North Fork Matilija Creek study sites, with zero or near zero densities in the 
lowermost Ventura River study sites. Densities of fry were consistently highest in riffle habitats and 
lowest in pool habitats (by factors of 2-5x), whereas juvenile+ O. mykiss were more evenly 
distributed among habitat types. 
 
Annual variation was also substantial, with positive (but statistically non-significant) trends in 
abundance of O. mykiss in all three segments.  Maximum abundance occurred in 2012, with 2,137 
captured or observed O. mykiss producing a total estimated abundance of 24,134 fish in the Ventura 
River Basin (excluding San Antonio Creek).  Total abundance was less than 15,000 fish in most other 
years, with a minimum estimate of 12,271 fish in 2007.  The high annual variability in abundance of 
O. mykiss fry ǿŀǎ ǊŜŦƭŜŎǘŜŘ ƛƴ /Φ±ΦΩǎ ŜȄŎŜŜŘƛƴƎ мтл҈ ƛƴ ǘƘŜ ƭƻǿŜǊ ±ŜƴǘǳǊŀ ǎǘǳŘȅ ǎƛǘŜǎ ŀƴŘ ƛƴ ǘƘŜ 
ƭƻǿŜǊ aŀǘƛƭƛƧŀ /ǊŜŜƪ ǎǘǳŘȅ ǎƛǘŜΣ ǿƛǘƘ /Φ±ΦΩǎ ƻǾŜǊ млл҈ ŦƻǊ ƧǳǾŜƴƛƭŜҌ ŦƛǎƘ ƛƴ ƳŀƛƴǎǘŜƳ ±ŜƴǘǳǊŀ wƛǾŜǊ 
and San Antonio Creek study sites.  In comparison, variation in annual abundance in most tributary 
and headwater study sites was less with C.V.s for both size classes typically between 30% and 70%.  
Further assessment of the annual abundance data suggested that a minimum of 7-10 years would 
be necessary to detect an annual decrease in abundance of 10% per year in the headwater and 
tributary study sites, whereas 15-20 years of sampling may be required to detect a comparable 
decline in the lower mainstem reaches.  Longer time series would be required to detect declines in 
abundance using a pool only or a representative reach sampling design (compared to the habitat 
stratified design used here), or to detect a 10% annual increase in abundance. 
 
Habitat data was collected in 2006, 2007, 2011, and 2012 to evaluate the relationship between 
study site Habitat Suitability Index (HSI) scores produced by an existing USFWS HSI model (Raleigh et 
al. 1984) and observed densities of O. mykiss.  Linear regression showed statistically significant 
relationships, with best fit for the non-compensatory model option and worst fit using the equal 
components option.   Despite the positive relationship, poor separation between study sites 
supporting low densities of O. mykiss with sites that were consistently absent of O. mykiss along 
with a relatively narrow range of calculated HSI scores led to the development of an alternative 
habitat model, termed the Southern Steelhead HSI model (or, SS HSI).  New habitat variables and 
new model formulations produced a model with generally better fit and a wider range in calculated 
HSI scores.  Although overall fit was improved and the model appeared appropriate to the Ventura 
River Basin, the model has not been validated elsewhere and several of the HSI variables were highly 
qualitative in nature and should be assessed with actual data prior to application in future studies. 
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2.0 Introduction  

The Ventura River Basin is a large southern California watershed that historically provided abundant 
habitat for the now endangered southern steelhead (Oncorhynchus mykiss) (Moore 1980).  Ocean 
migrant steelhead are reported to have utilized the mainstem Ventura River, as well as the principal 
subbasins including the Coyote Creek Basin, the San Antonio Creek Basin, the lower North Fork 
Matilija Creek Basin, and the upper Matilija Creek Basin (NMFS 2007).  The amount of habitat 
available to anadromous steelhead for spawning and rearing declined over time following the 
construction of water supply facilities, such as Matilija Dam in 1947 (blocking access to the upper 
Matilija Basin), Casitas Dam in 1957 (blocking access to the Coyote Creek Basin), and Robles 
Diversion Dam in 1958, which until recently blocked access to the upper portion of the Ventura 
River and the lower North Fork Matilija Creek.  In 2004, a new fish passage facility was constructed 
in Robles Diversion Dam, which gives access to several miles of important spawning and rearing 
habitat (TRPA 2004), and sets the stage for the restoration of upper Matilija Creek.  Matilija Dam 
was constructed for the purpose of supplying water storage and flood control, but reservoir 
sedimentation and construction of newer projects has reduced the necessity of the dam, and efforts 
are currently underway to restore access to the upper Matilija Basin through removal of Matilija 
Dam (NMFS 2007).  

 
Apparent declines in steelhead populations throughout southern California waters led to the federal 
ƭƛǎǘƛƴƎ ƻŦ ǎǘŜŜƭƘŜŀŘ ŀǎ άŜƴŘŀƴƎŜǊŜŘέ ƛƴ мффт ŦƻǊ ǘƘŜ {ƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀ {ǘŜŜƭƘŜŀŘ ESU (Federal 
Register 1997).  The California Department of Fish & Wildlife (CDFW) identified the Ventura River 
basin as a high-priority watershed having important ecological effects on the health of the Southern 
California Steelhead ESU.  Consequently, this study was largely funded by CDFW through the 
California Steelhead Restoration Grant Program, through the sponsorship of Surfrider Foundation, 
with supplemental funding from the Ventura County Watershed Protection District and Patagonia, 
Inc., with the following principal goals: 
 

¶ to assess the annual abundance and spatial distribution of O. mykiss (both 
anadromous and resident forms) in the Ventura River Basin; and 

¶ to test the validity of Habitat Suitability Index (HSI) models to assess 
habitat quality for southern California O. mykiss.   

 
The published HSI model for rainbow trout / steelhead consists of five components with 18 variables 
(Raleigh et al. 1984).  The HSI model was chosen to assess habitat quality because the model utilizes 
a wide range of habitat variables that are summarized into a single quantitative value (the HSI 
score), which can be easily and consistently compared among streams. The rainbow trout / 
steelhead HSI model incorporates several variables that are particularly important to O. mykiss 
populations in the southern portion of their range, such as water temperature, pool habitat 
characteristics, and riparian coverage.  An alternative model (the Southern Steelhead HSI) was 
subsequently developed using site-specific habitat data in 2012 to encompass additional variables 
thought to be important to steelhead in southern California Basins.   
 
Although this report summarizes data from all 7 study years, additional details can be found in 
previous reports (TRPA 2003, 2004, 2007, 2008, 2009, 2010, Normandeau 2011, 2012), most of 
which are available online at www.matilijadam.org.  

http://www.matilijadam.org/
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3.0 Study Area  

The Ventura Basin drains a watershed of approximately 228 mi2, of which about 25% is above 
Matilija Dam and not currently accessible to anadromous steelhead (Figure 1).  Below Matilija Dam, 
steelhead have access to the entire 16 miles of mainstem Ventura River, except during the summer 
and fall months of most years when six miles of channel below Robles Diversion Dam goes dry.  At 
the bottom of the dry reach immediately upstream of San Antonio Creek, upwelling groundwater 
produces a consistent source of cooler water that provides over summering rearing habitat in the 
mainstem Ventura River for fry, juvenile and adult (resident) O. mykiss.  In most years, O. mykiss are 
found in the mainstem downstream to the confluence of Coyote Creek (Normandeau 2012), but the 
fish community in the lower six miles of mainstem to the terminal lagoon is dominated by arroyo 
chub (Gila orcutti) and stickleback (Gasterosteus aculeatus), both native species, and common carp 
(Cyprinus carpio), an exotic species (TRPA 2007, 2008, Normandeau 2011).   
 
A large homeless community inhabits the lowermost three miles of the Ventura River floodplain, 
which results in significant impacts to water quality and to aquatic and riparian habitats.  
Streamflows in the lower mainstem are augmented by a release of about two cfs of tertiary treated 
wastewater from a treatment facility 5½ miles above the lagoon.  The Ventura River Lagoon is open 
to the Pacific Ocean following winter and spring storm events, but may be closed off by a sand berm 
during the summer and fall months.  During drought years, the lagoon may remain closed (or closed 
at low tide) throughout most of the year (CMWD 2013).  The lagoon has been highly altered by the 
crossing of highway and railway bridges, a rip-rap armored bank along the east shoreline, and inputs 
of poor water quality from upstream sources. 
 
San Antonio Creek is the only known tributary to the lower mainstem Ventura River that supports 
significant spawning and rearing habitat for steelhead, although in some years much of the seven 
mile anadromous reach become intermittent during summer and fall months (Figure 1).  Coyote 
Creek is dammed to form Lake Casitas 2½ miles upstream of the Ventura River confluence, but the 
lower channel is largely unsuitable for spawning or rearing of O. mykiss (Capelli 1997).  A second 
major spawning and rearing tributary for steelhead is the lower North Fork Matilija Creek, which 
merges with the mainstem Matilija Creek to form the Ventura River one-half mile below Matilija 
Dam.  The Lower North Fork contains about four miles of habitat accessible to adult migrant 
steelhead, up to a currently impassable barrier located at a road crossing within the U.S. Forest 
{ŜǊǾƛŎŜΩǎ ²ƘŜŜƭŜǊ DƻǊƎŜ Campground (TRPA 2003).  In addition to steelhead, resident rainbow trout 
have been observed spawning throughout the lower North Fork Matilija Creek (TRPA 2003).   
 
Hot springs and mineral seeps are relatively common in the lower North Fork and in the mainstem 
near Matilija Dam (both areas historically supported commercial mineral bath resorts), and during 
periods of extended low flows (e.g., dry water years) the instream substrate becomes encrusted 
with tufa mineral deposits that can cement gravels and reduce spawning habitat (Minear 2003).  The 
tufa encrustation also appears to exert negative effects on invertebrate prey abundance.   
 
Above Matilija Dam, which blocks passage by steelhead, Matilija Creek exhibits alternating reaches 
of perennial and intermittent (in summer and fall) flows for 6½ miles, at which point the mainstem 
enters a narrow canyon where surface flows are persistent for another two miles to a series of high 
(15-50 ft) waterfalls (Figure 1, cover image).  Resident O. mykiss are common in the upper canyon 
below the 15 ft falls, and in the lower mainstem in the vicinity of Murietta Creek.  According to 
reports large trout, as well as largemouth bass (Micropterus salmoides) and sunfish (Lepomis spp.), 
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inhabit Matilija Reservoir and all three species are found in the lower reaches of mainstem Matilija 
Creek when surface flows are present.   
 

 
Figure 1.  Watershed map showing sub-basins, barriers to upstream migration (red triangles), water 
temperature datalogger locations (yellow circles), and landscape features. 
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The three principal tributaries to the Matilija Creek study area are Murietta Creek, the upper North 
Fork Matilija Creek, and Old Man Creek (Figure 1).  Old Man Creek was described as having marginal 
habitat for O. mykiss (TRPA 2003), however Murietta Creek and the upper North Fork contain 
suitable habitat and both harbor stream-resident trout.  The upper North Fork and associated 
tributary provides approximately five miles of potential steelhead habitat, given passage beyond 
Matilija Dam, however the upper North Fork and the mainstem Matilija Creek both exhibit 
significant tufa mineralization of substrate, particularly during dry years and in intermittent reaches.  
In contrast, Murietta Creek appeared relatively free of tufa deposits, but alternating reaches of 
flowing and dry channels and the presence of several boulder cascades likely restricts potential 
steelhead habitat to approximately 1½ miles.  Additional details regarding the geology, hydrology, 
and land-use characteristics of the Ventura Basin are detailed in Cardno-Entrix (2012).    

4.0 Methods  

4.1  Study  Design & Stratifications  

The instream habitat and fish population characteristics are described on the basis of a hierarchical 
framework of design stratifications according to basin segment, stream reach, study site, and 
habitat type.  The basic sampling units are individual habitat units of a given habitat type. 

4.1.1 Basin Segments  

The VŜƴǘǳǊŀ wƛǾŜǊ .ŀǎƛƴ ǿŀǎ ǇŀǊǘƛǘƛƻƴŜŘ ƛƴǘƻ ǘƘǊŜŜ άǎŜƎƳŜƴǘǎέ ōŀǎŜŘ ƻƴ accessibility to 
anadromous steelhead and the continuum of river channel characteristics.  The lower segment, 
which has been historically accessible to steelhead (given adequate surface flows), extends 

upstream from the Ventura River Lagoon to Robles Diversion Dam at approximate
1
 River Mile (RM) 

14.6, and is mostly characterized as a low gradient, unconfined alluvial valley stream with significant 
anthropogenic influence (Figure 2).  Although the lower segment contains several tributaries 
(Cañada Larga, Coyote Creek, and San Antonio Creek), only San Antonio Creek is known to contain 
significant spawning and rearing habitat for steelhead.  
 
The middle segment (Figure 3) includes the remaining 1.5 miles of Ventura River above Robles 
Diversion Dam, one-half mile of Matilija Creek between the North Fork confluence (RM 16.3) and 
Matilija Dam (RM 16.9), and four miles of the Lower North Fork Matilija Creek.  Access to this 
segment by steelhead was effectively blocked following construction of the diversion dam in 1958, 
but was restored after installation of a new fish ladder in 2004.  Also, access up the lower North Fork 
has been intermittent due to persistent landslides at the Ojai Quarry near the Ventura River 
confluence, and also perhaps due to public construction of large swim dams immediately above the 
quarry (TRPA 2008).   This middle segment has intermediate characteristics to the lower and upper 
segments, but most O. mykiss spawning habitat in this segment occurs in the lower North Fork 
Matilija Creek, which is similar to the mountainous and more pristine habitat in the upper segment.   
 
The upper segment (Figure 3) is entirely above Matilija Dam, and displays a wide continuum of 
open, alluvial channels in the lowest reaches to high gradient, confined and densely vegetated 
channels in headwater reaches.  The mainstem Matilija Creek above Matilija Reservoir extends just 
over eight miles to the first definite barrier to upstream migration (although resident trout are  

                                                            
1 River Mile designations are approximate due to shifting channels in alluvial mainstem reaches 
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Figure 2.  Map of lower segment showing study site locations and landscape features. 

 




































































































































































































































































































