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Acronyms and Abbreviations

°C degrees Celsius

DPS Distinct Population Segment

FL fork length

m meter

mm millimeter

NMEFS National Marine Fisheries Service
O. mykiss Oncorhynchus mykiss

PIT Passive Integrated Transponder
SCCC South-Central California Coast
TL total length
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1 INTRODUCTION

The Chorro Creek watershed is unique among central California coast watersheds in that it is
largely undeveloped, has perennial flows, provides near year-round connectivity to a highly
productive estuary, Morro Bay, and supports a plethora of native species, including steelhead
(Oncorhynchus mykiss [O. mykiss]). The National Marine Fisheries Service (NMFES) (2013)
describes the steelhead in Chorro Creek as part of the South-Central California Coast (SCCC)
Distinct Population Segment (DPS), which encompasses all naturally spawned steelhead that
occur in waterways located between the Pajaro and Santa Maria rivers (NMFS 2013).

Individual O. mykiss exhibit either a resident or anadromous life history strategy. Resident adults,
known as rainbow trout, remain in freshwater rivers and streams throughout their lives.
Anadromous individuals, known as steelhead, spend 1-3 years in freshwater or estuary
environments before outmigrating to the ocean as smolts' (NMFS 2013). After 1-4 years in
marine environments, anadromous individuals return to their natal freshwater streams as adults to
spawn. This flexibility of life history strategies, paired with diversity in migration timing and
habitat selection, has enabled this species to persist in the highly dynamic and varying habitat
regimes in the SCCC DPS (NMFS 2013).

Rates of expression of anadromy and residency are variable between populations and are
understood to be influenced by both genetic and environmental factors (Hayes et al. 2008,
Kobayashi et al. 2024). For example, expression of the anadromous life history type appears to
depend on habitat types that produce large smolts, which have increased marine survival and thus
a greater probability of returning to their natal stream to spawn as adult steelhead (Bond et al.
2008, Ohms and Boughton 2019). Due to the decline of anadromous steelhead in the SCCC DPS,
understanding the timing, migration patterns, and habitat conditions associated with successful
smolt production is particularly useful for guiding conservation and restoration efforts aimed at
preserving and augmenting the anadromous life history type (NMFS 2013).

Steelhead population monitoring within the SCCC DPS was deemed unsatisfactory in the 5-Year
Status Review (2017-2022) of the SCCC Steelhead DPS due to a lack of coordinated monitoring
efforts across the region (NMFS 2023). Few data regarding steelhead populations exist for
streams south of the Big Sur River and even fewer data exist regarding the movement patterns
and key life history timing (i.e., smolt outmigration) of steelhead within the SCCC DPS,
especially within the San Luis Obispo Terrace Biogeographic Population Group. Recognizing the
data deficiencies within the DPS, NMFS identified additional research and monitoring, especially
on life history strategies and nursery habitats, as being essential to the effective recovery and
management of the steelhead populations in central and southern California (NMFS 2023).

The ongoing research Stillwater Sciences and the Morro Bay National Estuary Program have
been conducting on steelhead in Chorro Creek provides a unique opportunity to closely monitor
how steelhead are using the watershed to meet their life history needs. The goal of this study is to
measure seasonal growth rates and migration patterns from tributaries and mainstem Chorro
Creek to the lower watershed and estuary. These data, coupled with long-term population
monitoring being conducted as part of the invasive pikeminnow control program, provides critical
information to inform management and restoration planning within the watershed and more
broadly throughout the DPS.

! Smolts are juvenile steelhead migrating to the ocean (i.e., smolting); they have undergone physiological
changes (smoltification) to adapt from the freshwater environment to a saltwater environment.
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2 STEELHEAD LIFE HISTORY AND GENERAL HABITAT
REQUIREMENTS

As described above, O. mykiss can exhibit both anadromous and resident life history strategies
within a single watershed (NMFS 2013). Resident and anadromous adults spawn in freshwater
and both life history types may produce anadromous offspring (Donohoe et al. 2021). After
spawning, anadromous adults return to the ocean as kelts. Anadromous adults can return to
freshwater for spawning up to two times during their lifetime (Moyle 2002). A generalized
representation of Chorro Creek O. mykiss life history is shown in Figure 1.
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Figure 1. Chorro Creek Oncorhynchus mykiss life history.

Steelhead smolts within the Chorro Creek watershed are presumed to out-migrate in the spring,
with peak migration through Morro Bay occurring between March and May (Fukushima and
Lesh 1998). The duration of time juvenile steelhead spend in freshwater appears to be related to a
combination of genetic and environmental factors including growth rates (Hayes et al. 2008,
Kobayashi et al. 2024). In general, larger and fast-growing members of a given cohort tend to
smolt at younger ages (Peven et al. 1994, Boughton et al. 2020). In areas with warm-water
temperatures where feeding and growth are possible throughout the winter, steelhead may require
a shorter period in freshwater before smolting, while steelhead in colder tributaries may rear for

3 or 4 years before smolting (Moyle 2002).

Habitat requirements for different age classes of juvenile steelhead are relatively similar, except
that they require more space for foraging and cover as they grow. Age 0+ juvenile steelhead use
shallow-water and low-velocity habitats, such as stream margins and low-gradient riffles, to meet
their energetic demands and escape predators (Hartman 1965, Moyle 2002). Older juvenile
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steelhead (age 1+/2+) require deeper, more complex pools and large rocky substrate or in-channel
wood for cover while feeding (Hartman 1965, Fontaine 1988, Spina et al. 2005).

Water temperature has a strong influence on almost every steelhead life history stage (Berman
1998) due to its influence on metabolism and growth (Sullivan et al. 2000). Warm water
temperatures increase metabolic demand, such that age 0+ and age 1+ juvenile steelhead feed
aggressively in fast water habitat (e.g., riffles, heads of pools). If sufficient food resources are
available, these fish are able to grow quickly by feeding on benthic and terrestrial invertebrates
(often from riparian input; Krug et al. 2012) and typically smolt at age 1+ or 2+. Temperature
requirements for juvenile steelhead vary between populations, but growth and energetic capacity
tend to be optimized at approximately 17-20 degrees Celsius (°C) and temperature tends to
become physiologically limiting at approximately 23-25°C (Myrick and Cech 2000, Verhille et
al. 2016, Dressler et al. 2023, Dressler et al. 2025).

3 STUDY AREA

The Study Area includes the mainstem Chorro Creek from the tidal extent of Morro Bay
upstream to Chorro Reservoir and San Luisito Creek, a tributary to Chorro Creek (Figure 2). The
Study Area was divided into two distinct study reaches—Chorro Creek and San Luisito Creek.
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Figure 2. Study Area and index sites within Study Reaches of the Chorro Creek watershed.
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4 METHODS

The general approach to assess growth and movement of steelhead in the Chorro Creek watershed
included mark-recapture methods on juvenile steelhead within the Study Area. Individual
steelhead were monitored using unique Passive Integrated Transponder (PIT) tags and fixed PIT-
tag antenna arrays to monitor migratory patterns for two migratory seasons. Migration patterns
were monitored using a combination of three seasonal mark-recapture efforts paired with
stationary PIT-tag antennas. Details of the approach are described below.

4.1 Field Sampling

Fish were sampled from 17 sites along Chorro Creek, starting at Chorro Flats and extending
upstream to just below Chorro Reservoir, and from 2 sites in San Lusito Creek (Figure 2). Fish
were captured using a combination of multiple-pass and single-pass backpack electrofishing.
Within designated index sites, multiple-pass backpack electrofishing was conducted following
methods by Pollock and Otto (1983), wherein captured fish are temporarily removed from the
sample site during sequential passes and returned to the stream once sampling is completed.
Block nets were installed at the upstream and downstream extent of each index site to prevent
migration into or out of the site and facilitate an accurate assessment of sample populations. Two
biologists with Smith Root LR-24 backpack electrofishers and two or three netters began at the
downstream block net and proceeded upstream, working closely together. As fish were captured,
they were placed in buckets with aerated stream water until the completion of the pass. A
minimum of three passes was conducted within each index site. If there was poor depletion after
three passes, a fourth pass was performed.

To increase fish captures for tagging, single-pass electrofishing was conducted adjacent to each
index site. For locations sampled using single-pass electrofishing, one to two biologists with
Smith Root LR-24 backpack electrofishers and two or three netters moved in the upstream
direction until a sufficient number of steelhead was captured. As fish were captured, they were
placed in buckets with aerated stream water.

Fish capture and associated PIT tagging occurred in the fall of 2023, the spring of 2024, and the
fall of 2024. All captured steelhead were counted and measured in millimeters (mm) for fork
length (FL) and total length (TL) and for mass (grams). Steelhead > 65-mm FL were anesthetized
with tricaine methanesulfonate (MS-222) buffered with sodium bicarbonate and implanted with a
PIT tag (12.5-mm APT FDX tag or 23-mm FDX tag; Biomark). A subset of fish > 120 mm were
implanted with 23-mm PIT tags. All PIT-tagged fish that were recaptured during spring and fall
of 2024 and spring of 2025 were re-measured for FL, TL, and mass.

The Morro Bay National Estuary Program monitored water temperatures within the Study Area to
assess temperatures in Chorro Creek and San Luisito Creek (Figure 1). Each temperature logger
continuously recorded water temperature at 30-minute intervals through the duration of the study.
Non-linear least squares analysis was used to compare mean daily temperatures at each of these
locations during the 2024 water year.

July 2025 Stillwater Sciences



Technical Report Chorro Creek Steelhead Growth and Movement Study

4.2 Growth Analysis and Fish Density

Growth rate was calculated for all PIT-tagged fish that were recaptured between 2023 and 2025.
Depending on the timing of tagging and recapture, growth rate calculations reflect changes in
individual FL over the following periods:

e QOctober to May (winter growth)

e May to October (summer growth)

Absolute growth rates were calculated by subtracting the initial FL of each fish from its FL at
recapture. If fish were recaptured twice (n = 8) during the study period, the FL at last recapture
was used as the “initial” FL for the most recent season of growth. It is well known that smaller
fish tend to grow at faster rates than larger fish, so Stillwater Sciences accounted for initial FL in
its growth rate analysis. Fish that were recaptured multiple times within the same sampling effort
(e.g., fish were recaptured the day after they were tagged) were excluded from growth rate
analysis. The effects of initial FL, tagging location (mainstem: Chorro Creek, tributary: San
Luisito Creek), and growing season (winter, summer) on absolute growth rate were tested using
multiple linear regression and Akaike Information Criterion was used for model selection.

Relative growth rates were calculated by dividing the absolute growth rate by the initial FL. A
two-way Anova and post-hoc Tukey test were used to test for differences in relative growth rate
between tagging locations and age classes using a p-value < 0.05 as a threshold for statistical
significance.

O. mykiss density (fish/100 meters [m]) was calculated for multiple-pass index units using the
Fisheries Stock Assessment R package (Ogle et al. 2020).

4.3 Movement and Migration of PIT-Tagged Individuals

To monitor the movement behavior of PIT-tagged steelhead during the study period, a series of
stationary PIT-tag antennas were installed within lower Chorro Creek at two locations: (1) Chorro
Creek Estuarine Ecotone? and (2) Chorro Flats (Figure 3). The PIT-tag antenna at Chorro Flats is
a standalone antenna installed in a swim-through orientation. The Chorro Creek Estuarine
Ecotone station is composed of a paired set of swim-over antennas.

2 An estuarine ecotone is a brackish transitional zone or boundary area between the freshwater riverine
ecosystem and the saline tidal estuary ecosystem.
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Figure 3. Swim through standalone PIT-tag antenna at (A) Chorro Flats and (B) the paired
swim-over PIT-tag antennas at the Chorro Creek Estuarine Ecotone.

PIT tag antenna data were used to elucidate the timing and spatial patterns of downstream
movement for the Chorro Creek O. mykiss population. Detection dates, times, and locations were
compiled for all fish detected on the PIT-tag antennas to create individual fish detection histories.
Fish were classified into the following groups based on their detection histories: Chorro Flats
residents (fish that were tagged at Chorro Flats and were detected only at the Chorro Flats PIT
antenna), one-way migrants (fish that were detected downstream of their tagging location), and
two-way migrants (fish that were detected at the Estuarine Ecotone but were later detected back
upstream at Chorro Flats). Dates of first detection at the Estuarine Ecotone were noted to
approximate the timing window for smoltification within Chorro Creek.

5 RESULTS

5.1 Temperature and Fish Density

Stream temperatures generally remained within the thermal tolerance bounds (<23°C) for juvenile
O. mykiss at all three logger locations throughout the 2024 water year (Figure 4). Overall,
temperatures ranged from 7.1 to 21.6°C. The Upper Chorro Creek logger measured the warmest
temperatures with a mean daily mean temperature of 18.7°C and a mean daily maximum
temperature of 20.4°C during the summer. The Lower Chorro Creek logger measured slightly
cooler temperatures compared to the Upper Chorro Creek logger, with a mean daily mean
temperature of 17.9°C and a mean daily maximum temperature of 19.5°C during the summer.
Temperatures were slightly cooler still at the San Luisito Creek logger with a mean daily mean of
16.4°C and a mean daily max of 18.5°C during the summer.
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Figure 4. Temperatures in each of the Study Reaches from January 1 to October 31, 2024.

Mean daily temperature exhibited a sinusoidal relationship with Julian day, where temperatures
peaked in mid-July (Figure 5). Analysis of sine curves fit using non-linear least squares
confirmed that mean daily temperatures measured in San Luisito Creek were significantly cooler
than both mainstem reaches and that mean daily temperatures measured in Lower Chorro Creek
were significantly cooler than those measured in Upper Chorro Creek.
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Figure 5. Mean daily temperatures measured in each of the Study Reaches during the 2024
water year (October 2023-October 2024) and fitted curves representing the
relationship between mean daily temperature and Julian day.

Within index units containing O. mykiss, fish densities ranged from 4 to 102 fish per 100 m in the
mainstem units and from 44 to 263 fish per 100 m in San Luisito Creek. Fish densities were
variable based on sample reach and timepoint. Overall, index units in San Luisito consistently had
fish densities at the upper end of the range for each given timepoint, and in October of 2024,
densities were extraordinarily high (262 to 263 fish per 100 m in both units). Additional sampling
would be required to determine whether high O. mykiss densities within tributaries is a consistent
pattern within this watershed because multi-pass sampling has been conducted in just two units in
San Luisito (compared to 13 units in the mainstem).
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5.2

Fish Capture and Detection

A total of 1,225 O. mykiss were captured and 870 were PIT-tagged during the three sampling
efforts (Table 1). A total of 61 O. mykiss were recaptured at least once, and 8 O. mykiss were

recaptured at least twice.

Table 1. Summary of Oncorhynchus mykiss mark and recaptures within the Chorro Creek

Watershed.
Sampling effort Captured O. mykiss PIT-tagged O. mykiss Recaptured O. mykiss®

October 2023 355 302 NA

May 2024 389 129 22

October 2024 481 439 39

March 2025° -- - 9

Total 1,225 870 70

Notes: NA = not applicable

2 Although 70 O. mykiss were recaptured, 1 fish > 250 mm was excluded because it was from an older age class.
b Fish recaptured in downstream migrant trap in operation for an acoustic telemetry study in Chorro Creek.

5.3

A total of 61 PIT-tagged O. mykiss were recaptured across sampling events—during the spring of
2024 (n = 22), fall of 2024 (n = 39), and/or in the Chorro Creek downstream migrant trap during
spring of 2025 (n =9). The vast majority of recaptured fish were within the size range for age 0+
to 2+, so fish with an initial FL > 250 mm (n = 1) were excluded because these are from an older,
less common age class.

Growth Analysis

Fork lengths at the time of tagging and at recapture are shown in Figure 6. The slope of each line
in Figure 6 is an indication of the absolute growth rate of each fish, such that high absolute
growth rates appear as “steep” lines connecting individual measurements of FL over time. Most
fish had positive growth over time during both winter and summer growing seasons.

In general, smaller fish grew at faster rates than larger fish. Absolute growth rates for age 0+
individuals averaged 0.29 mm/day in Chorro Creek and 0.14 mm/day in San Luisito Creek.
Absolute growth rates for age 1+ individuals averaged 0.11 mm/day in the mainstem and

0.07 mm/day in San Luisito Creek. Regression model testing revealed that the strongest predictor
of absolute growth rate was initial FL (Figure 7). Tagging location (tributary versus mainstem)
was also a significant predictor of absolute growth rate whereby mainstem fish tended to have
higher growth rates than tributary fish (Figure 7). Growth season was not a significant predictor
of absolute growth rate—fish grew at the same rate during the winter season as they did during
the summer season. Permit conditions precluded sampling during the spring, which may have
limited the ability to discern subtle differences in growth rates across seasons. Akaike
Information Criterion model testing confirmed that the best fit was a multiple linear regression
with initial FL and tagging location as predictors (R* = 0.47, p<0.001; Figure 7). There was no
significant interaction between initial FL and tagging location.

Discrepancies in growth rate between O. mykiss in Chorro Creek and San Luisito Creek were
particularly pronounced in young-of-the-year fish (age 0+; Figure 8). Two-way Anova results
revealed that age class (age 0 + versus age 1-2+), tagging location, and the interaction between
these two variables all had significant influence on relative growth rate. Post-hoc Tukey test
results revealed that relative growth rate was not significantly different between Chorro Creek
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and San Luisito Creek for fish age 1 to age 2+ (p = 0.76), but that age 0+ fish tagged in Chorro
Creek had significantly higher relative growth rates compared to age 0+ fish tagged in San
Luisito Creek (p < 0.001).
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Figure 6. Fork length (millimeter) of recaptured fish over time for fish tagged in Chorro Creek
(orange) and in San Luisito Creek (blue).
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Figure 7. Relationship between absolute growth rate (millimeter/day) and initial fork length
(millimeter) for juvenile Oncorhynchus mykiss tagged in the Chorro Creek (orange)
and in San Luisito Creek (blue).
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Figure 8. Relationship between relative growth rate (millimeter/millimeter/day), age class,
and tagging location.
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5.4 Fish Migration

In total, 201 fish were detected at PIT-tag antennas between November 2023 and June 2025. Of
these, 127 fish were detected only at the Chorro Flats PIT-tag antenna—114 were considered
Chorro Flats residents because they were tagged at Chorro Flats, and 13 were considered one-way
migrants because they were tagged at an upstream location. The remaining 74 fish were detected
by the Estuarine Ecotone antennae. Of these, 67 were considered one-way migrants (i.e., smolts)
because they were last detected at the Estuarine Ecotone, and 7 were considered two-way
migrants as they were last detected at Chorro Flats (Table 2). In general, the observed behavior
most likely attributed to smolting was age 2+ fish migrating from San Luisito Creek or the upper
watershed, passing the Chorro Flats PIT-tag antenna, and subsequently passing the Estuarine
Ecotone within a few days (e.g., Figure 9). Occasionally, fish spent more time near the Estuarine
Ecotone antenna and were detected many more times over the course of several weeks

(e.g., Figure 10). Two-way migrants appeared not to smolt and were detected back at the Chorro
Flats antenna several days to weeks after being detected at the Estuarine Ecotone antenna

(e.g., Figure 11). These migration patterns are illustrated in Figure 12. Of the 33 smolts detected
at the Estuarine Ecotone in 2024, 67% were originally captured and tagged within the San Luisito
Creek, and 33% were originally tagged in Chorro Creek (18% in lower mainstem, 15% in the
middle/upper mainstem reaches) (Table 2). Of the 30 smolts detected at the Estuarine Ecotone in
spring 2025, 36% were originally tagged in San Luisito Creek and 64% were originally tagged in
Chorro Creek (33% in the lower mainstem, 31% in the middle/upper mainstem reaches).

Table 2. Tagging location and number of smolts detected at the Estuarine Ecotone antenna.

Number of Smolts Detected
Year Total
San Luisito Creek Chorro Creek
2024 26 7 33
2025 7 23 30
July 2025 Stillwater Sciences

13



Technical Report Chorro Creek Steelhead Growth and Movement Study

3.5

3.0

River Kilometer

2.5

2.0

Feb 25 Feb 26 Feb 27
Detection Date

Figure 9. Example PIT-tag antenna detection pattern of a 149-millimeter initial fork length
Oncorhynchus mykiss originally tagged at San Luisito Creek in May 2024.
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Figure 10. Example PIT-tag antenna detection pattern of an 82-millimeter initial fork length
juvenile, originally tagged at Camp San Luis Obispo in October 2024, where the fish
was detected many times over multiple weeks at the Estuarine Ecotone PIT-tag
antenna in February and early March 2025.
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Note: This fish was detected at the Estuarine Ecotone antenna in February 2024 and then
back at the Chorro Flats antenna in March 2024.

Figure 11. Example PIT-tag antenna detection pattern of a 127-millimeter initial fork length
juvenile originally tagged at Chorro Flats in October 2023.
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Tracking Steelhead Movement in the Chorro Creek Watershed

Fish are tagged upstream with PIT tags

T RO coded with a unique identification number.
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Figure 12. Variation of PIT-tag detection patterns observed in the Chorro Creek watershed.

In spring 2024, PIT-tag detections at the Estuarine Ecotone occurred between January 18 and
April 29 (Figure 13). In spring 2025, PIT-tag detections began on February 5 and continued
through April 29 (Figure 13). In 2025, no flow events occurred prior to the first fish detection.
There appears to have been a peak in downstream movement during a flow event around

March 13. As of June 9, 2025, no new fish have been detected at the Estuarine Ecotone. Based on
these data, it appears the window for smolting in the Chorro Creek watershed is roughly January—
April, but that the initiation of downstream movement may depend on the occurrence of a flow
event.
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Figure 13. Stream stage height at Canet (black lines) and at San Luisito (blue lines) and timing
of PIT-tag detections of fish tagged in Chorro Creek (orange) and in San Luisito
(turquoise) at the Estuarine Ecotone in spring 2024 and 2025.

6 DISCUSSION

Chorro Creek contained suitable habitat conditions for resident rearing and anadromous steelhead
production across a spatially diverse portion of the watershed during the period of study, both of
which are critical to the resilience and persistence of the population in Chorro Creek. Growth
rates of age 0+ fish in the mainstem were significantly higher than those observed in San Luisito
Creek, likely owing to lower fish densities and warmer stream temperatures within the mainstem
study reach. Fish densities within index sites on San Luisito Creek were consistently at the upper
end of the range documented at index sites across all sampling events, with markedly high
densities in October 2024. These densities were likely high enough to negatively influence
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growth rates of rearing O. mykiss, particularly age 0+ fish (Sogard et al. 2009). Several upstream
passage impediments in San Luisito Creek, including the Adobe Road crossing, which is located
between the San Luisito index sites, should be addressed to allow for increased habitat access
during low flow periods. Furthermore, these passage barriers may preclude anadromous adults
from accessing tributary habitats during dry water year types.

Multiple recaptures of PIT-tagged fish over the course of this study indicate high site fidelity by
juvenile steelhead rearing in both the mainstem and tributary habitats. Most recaptured fish were
captured within the same or adjacent index site to where they were initially tagged. Additional
recapture events would be needed to assess whether recaptured fish are expressing a resident life
history. Thirteen PIT-tagged fish were observed moving from upper Chorro Creek downstream
past the Chorro Flats PIT-tag antenna, presumably to rear within this reach. Chorro Flats appears
to provide both rearing habitat for resident O. mykiss and an important migratory corridor for
smolts.

Two-way migrants were detected moving downstream past the Estuarine Ecotone antennae and
reared within downstream habitats for several days to weeks before being detected at the Chorro
Flats antenna (Figure 11). Additionally, several smolts were detected at the Estuarine Ecotone
antennae over the course of several weeks before presumably migrating out to the ocean

(Figure 10). Stillwater Sciences conducted nighttime snorkel surveys downstream of the
Estuarine Ecotone antennae in spring 2025 and observed a high abundance of O. mykiss from
multiple age classes (including smolts) within an approximately 300-m reach. This Estuarine
Ecotone appeared to be highly productive, with large numbers of invertebrates including
amphipods and shrimp (Neomysis spp.) observed along the substrate. This relatively small, tidally
influenced reach may be providing critical habitat for steelhead smolts completing the
smoltification process and also may be providing resident and juvenile O. mykiss with a highly
productive environment that allows for rapid growth, similar to those observed in Scott Creek
Lagoon (Hayes et al. 2008, Bond et al. 2008). Additional investigation of the residency duration
and growth rates within this ecotone is recommended.

Despite varying water year types during the period of study (2024: normal; 2025: dry), Chorro
Creek produced a similar number of smolts across years in both mainstem and tributary habitats.
Interestingly, while the majority of smolts detected in 2024 (67%) were originally tagged in San
Luisito Creek, detections in 2025 showed a shift, with most smolts (64%) originating from
Chorro Creek. The underlying mechanism of this shift could be related to water year type, with
mainstem study reaches providing more opportunities for downstream migration and better
rearing conditions due to higher flows and stream temperatures relative to San Luisito Creek (see
Figure 13). However, these findings indicate habitat conditions for anadromous smolt production
are found throughout the watershed, which is critical to the resiliency of the population in Chorro
Creek. Consistent smolt production observed during the period of study, combined with regular
connectivity to the ocean via an open bar at the mouth of Chorro Creek, indicates this population
may contribute to the maintenance of steelhead throughout the DPS. These findings suggest that
the Chorro Creek steelhead population likely functions as an “independent population,” despite
its designation as a Core 2 watershed under NMFS (2013) criteria.

The Chorro Creek watershed currently provides a spatially distributed mosaic of habitats that
support the full range of steelhead life history strategies. This diversity of habitat and life history
strategies is critical to sustaining population resiliency (Moore et al. 2014, Hall et al. 2016).
While the results of this study provide important insights into key areas of juvenile production
and growth, significant data gaps remain—especially within the other tributary streams,
particularly San Bernardo, Dairy, and Pennington creeks. The extent to which these tributaries
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support the Chorro Creek steelhead population is largely unknown. Field surveys are planned for
2025 to PIT tag additional fish in San Bernardo Creek, with the goal of assessing migration
patterns and fish densities within an additional tributary stream. Ideally, Stillwater Sciences and
the Morro Bay National Estuary Program will continue to monitor and initiate PIT tagging in
other tributaries, including Dairy and Pennington creeks, to assess how densities vary across the
watershed and whether all tributaries are contributing to smolt production.

7 REFERENCES

Berman, C. 1998. Oregon temperature standard review. U. S. Environmental Protection Agency,
Region 10, Seattle, Washington.

Bond, M., S. Hayes, C. Hanson, and B. MacFarlane. 2008. Marine survival of steeclhead
(Oncorhynchus mykiss) enhanced by a seasonally closed estuary. NOAA National Marine
Fisheries Service, Southwest Fisheries Science Center, Santa Cruz, California.

Boughton, D. A., A. D. Chargualaf, K. Liddy, T. Kahles, and H. A. Ohms. 2020. Carmel River
Steelhead Fisheries Report 2020. California American Water Company. Pacific Grove,
California.

Donohoe, C. J., D. E. Rundio, D. E Pearse, and T. H. Williams. 2021. Straying and life history of
adult steelhead in a small California coastal stream revealed by otolith natural tags and genetic
stock identification. North American Journal of Fisheries Management 41: 711-723.

Dressler, T. L., K. Anlauf-Dunn, A. Chandler, and E. J. Eliason. 2025. Beyond latitude: thermal
tolerance and vulnerability of a broadly distributed salmonid across a habitat temperature
gradient. Conservation Physiology 13: coaf030; doi:10.1093/conphys/coaf030.

Dressler, T. L., V. Han Lee, K. Klose, and E. J. Eliason. 2023. Thermal tolerance and
vulnerability to warming differ between populations of wild Oncorhynchus mykiss near the
species’ southern range limit. Scientific Reports 13: 14538.

Fontaine, B. L. 1988. An evaluation of the effectiveness of instream structures for steelhead trout
rearing habitat in the Steamboat Creek basin. Master’s thesis. Oregon State University, Corvallis.

Fukushima, L., and E. W. Lesh. 1998. Adult and juvenile anadromous salmonid migration timing
in California streams. California Fish and Game 84: 133-145.

Hall, J., Roni, P., Bennett, T., McMillian, J., Hanson, K., Moses, R., McHenry, M., Pess, G., and
Ehinger, W. 2016. Life history diversity of steelhead in two coastal Washington watersheds.
Transactions of the American Fisheries Society, 145: 990-1,005.

Hartman, G. 1965. The role of behavior in the ecology and interaction of under yearling coho
salmon (Oncorhynchus kisutch) and steelhead trout (Salmo gairdnerii). Journal of the Fisheries
Research Board of Canada 20: 1,035-1,081.

Hayes, S. A., M. H. Bond, C. V. Hanson, E. V. Freund, J. J. Smith, E. C. Anderson, A. J.
Ammann, and R. B. MacFarlane. 2008. Steelhead growth in a small Central California watershed:
upstream and estuarine rearing patterns. Transactions of the American Fisheries Society 137:114—
128.

July 2025 Stillwater Sciences
19



Technical Report Chorro Creek Steelhead Growth and Movement Study

Kobayashi, K. M., R. M. Bond, K. Reid, J. C. Garza, J. D. Kiernan, and E. P. Palkovacs. 2024.
Genetic divergence and one-way gene flow influence contemporary evolution and ecology of a
partially migratory fish. Evolutionary Applications 17: e13712.

Krug, J., E. Bell, and R. Dagit. 2012. Growing up fast in a small creek: diet and growth of a
population of Oncorhynchus mykiss in Topanga Creek, California. California Fish and Game 98:
38-46.

Moore, J. W., J. D. Yeakel, D. Peard, J. Lough, and M. Beere. 2014. Life-history diversity and its
importance to population stability and persistence of a migratory fish: steelhead in two large
North American watersheds. Journal of Animal Ecology 83: 1,035-1,046.

Moyle, P. B. 2002. Inland fishes of California, University of California Press, Berkeley.
Myrick, C. A., and J. J. C. Jr. 2001. Temperature effects on Chinook salmon and steelhead: a

review focusing on California's Central Valley populations. Bay-Delta modeling Forum
Technical Publication 01-1.

NMEFS (National Marine Fisheries Service). 2013. South-Central California Coast Steelhead
Recovery Plan. West Coast Region, California Coastal Area Office, Long Beach, California.

NMEFS. 2023. 2023 5-Year Review: Summary & Evaluation of South-Central California Coast
Steelhead. West Coast Region, California Coastal Area Office, Long Beach, California.

Ogle, D. H., P. Wheeler, and A. Dinno. 2020. FSA: Fisheries Stock Analysis. R package version
0.8.31. Available at: https://github.com/droglenc/FSA.

Ohms, H., and D. Boughton. 2019. Carmel River Fisheries Report — 2019. National Marine
Fisheries Service, Southwest Fisheries Science Center, Santa Cruz, California.

Peven, C. M., R. R. Whitney, and K. R. Williams. 1994. Age and length of steeclhead smolts from
the Mid-Columbia River Basin, Washington. North American Journal of Fisheries Management
14: 77-86.

Pollock, K. H., and M. C. Otto. 1983. Robust estimation of population size in closed animal
populations from capture-recapture experiments. Biometrics 39: 1,035-1,049.

Sogard, S. M., Williams, T. H., and Fish, H. 2009. Seasonal Patterns of Abundance, Growth, and
Site Fidelity of Juvenile Steelhead in a Small Coastal California Stream, Transactions of the
American Fisheries Society, 138:3, 549-563, DOI: 10.1577/T08-172.1

Spina, A. P., M. A. Allen, and M. Clarke. 2005. Downstream migration, rearing abundance and
pool habitat associations of juvenile steelhead in the lower mainstem of a south-central California
stream. North American Journal of Fish Management 25: 919-930.

Sullivan, K., D. J. Martin, R. D. Cardwell, J. E. Toll, and S. Duke. 2000. An analysis of the
effects of temperature on salmonids of the Pacific Northwest with implications for selecting
temperature criteria. Prepared by Sustainable Ecosystems Institute, Portland, Oregon.

July 2025 Stillwater Sciences
20


https://github.com/droglenc/FSA

Technical Report Chorro Creek Steelhead Growth and Movement Study

Verhille, C. E., K. K. English, D. E. Cocherell, A. P. Farrell, and N. A. Fangue. 2016. High
thermal tolerance of a rainbow trout population near its southern range limit suggests local
thermal adjustment. Conservation Physiology 4: cow(057; doi:10.1093/conphys/cow057.

July 2025 Stillwater Sciences
21



	1 INTRODUCTION
	2 STEELHEAD LIFE HISTORY AND GENERAL HABITAT REQUIREMENTS
	3 STUDY AREA
	4 METHODS
	4.1 Field Sampling
	4.2 Growth Analysis and Fish Density
	4.3 Movement and Migration of PIT-Tagged Individuals

	5 RESULTS
	5.1 Temperature and Fish Density
	5.2 Fish Capture and Detection
	5.3 Growth Analysis
	5.4 Fish Migration

	6 DISCUSSION
	7 REFERENCES

