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Despite the endangered status of steelhead (Oncorhynchus mykiss) in southern
California since 1997, few studies have reported on their life history and population dynamics
(Tobias 2006, Spina 2007, Bell et al. 2011a, Bell et al. 2011b). As summarized by Boughton
et al. (2006) and Boughton et al. (2009), O. mykiss is a highly plastic species in terms of
phenotypic and life-history variability, and capable of exploiting a wide variety of habitats.
A thorough understanding of the mechanisms that allow for the survival and persistence
of O. mykiss in the southern portion of its geographical range, where highly variable flow
regimes, high water temperatures, and frequent isolation from the Pacific Ocean are the
norm, is important to better guide management practices and to protect and recover these
populations (NMFS 2011).

During nearly a decade of monitoring O. mykiss in Topanga Creek, Los Angeles
County, California, we have documented the persistence of a population that, despite high
summer water temperatures and poor habitat conditions in the lagoon, is characterized by
numerous fast growing and large individuals (Bell et al. 2011b). In addition, Bell et al.
(2011a) reported that O. mykiss smolts in Topanga Creek were of sufficient sizes to expect
high rates of marine survival. Understanding the quality and quantity of food available to, and
consumed by, O. mykiss could help explain the mechanism behind fast growth and survival
in the conditions of southern California coastal streams. The goals of this study were to
characterize the quantity and diversity of food consumed by O. mykiss in Topanga Creek in
fall and spring, and to investigate variations in their growth rates and diet between seasons.

Topanga Creek (34° 6’ 11” N, 118° 36’ 18” W) is a small coastal stream draining
a watershed of approximately 47 km?. The study area stretches from river kilometer (rkm)
1.7 upstream to rkm 6 (Figure 1). Due to the intermittent flow regime and generally low
number of O. mykiss observed in this area, we excluded the reach from the ocean to rkm 1.7
from the study. Tobias (2006), Dagit et al. (2007), and Dagit and Krug (2011) have provided
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detailed descriptions of the instream habitat composition, water quality, and vegetation
and riparian habitat associated with the creek. During the study period, water year rainfall
totals in Topanga ranged from 38.5 cm in 2009 to 80 cm in 2011. Stream temperatures
typically range from 9°C to 25°C and average 17°C, however temperatures over 25°C are
not uncommon during the summer months (see Dagit and Krug 2011).
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FiGure 1.— Location of the study area in Topanga Creek, Los Angeles County, California, 2008-2011.

Oncorhynchus mykiss has the potential for two life history forms, anadromous
(steelhead) and resident (rainbow trout). Topanga Creek contains both life history forms
and belongs to the federally endangered Southern California Steelhead Distinct Population
Segment. Although the two forms are indistinguishable in Topanga Creek, preservation of
both life histories is a high priority (NMFS 2011); therefore, information on both forms is
of interest to us and, here, we will use O. mykiss when referring to either form in our study
system. Dagit and Krug (2011) reported detailed information on the spatial and temporal
distribution, abundance, and size structure of O. mykiss in Topanga Creek based on monthly
snorkel survey observations. In addition to O. mykiss, the Arroyo chub (Gila orcutti) is the
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only other fish present in our study area, and is often sympatric with O. mykiss in southern
California streams (Swift et al. 1993). The red swamp crayfish (Procambarus clarkii) is
the only exotic species, macroinvertebrate or otherwise, to inhabit the creek.

Oncorhynchus mykiss were captured using electrofishing methods over four
consecutive days in November of 2008 (n=76) and 2010 (n=208), three consecutive days
in November of 2009 (n=71) and 2011 (n=136), and two consecutive days in March 2011
(n=82). Eighteen individuals were also captured using downstream migrant trapping during
storm events in January 2010 (#n=8) and in February and March of 2011 (n=10). Ofthe 591
total fish captured throughout the study period, 62 (10.5%) were recaptured at least once,
and five individuals were recaptured twice. Individuals were recaptured in November of
2009 (n=1), 2010 (r»=11), and 2011 (»=37), and in March 2011 (n=18).

All captured fish were anesthetized using tricaine methanesulfonate (MS222),
and fork length (FL) was measured to the nearest millimeter. Oncorhynchus mykiss >110
mm FL were given a passive integrated transponder (PIT) tag, which could subsequently
be used to identify recaptures. Scales and fin clips were taken from individuals as well,
and results from analyses of these are discussed by Bell et al. (2011a, b). To assess the diet
of O. mykiss, stomach contents were collected from individuals ranging in size (FL) from
134 mm to 368 mm in November 2010 (fall; n=43) and from 150 mm to 239 mm in March
2011 (spring; n=13) using the gastric lavage methods described by Giles (1980), which
have been shown to have an efficiency of 99.1%. Of those lavaged, 4 were recaptures in
November and 2 in March.

Daily growth rate (mm/day) was calculated for each recaptured individual as the
change in FL between captures divided by the number of days between captures. For those
individuals recaptured twice, daily growth rates were calculated for each individual between
the first and second capture as well as for between the second and third capture. Daily growth
rates were plotted against initial sizes (mm; FL) in order to obtain a general assessment of
the relationship between size and growth. We did not calculate a statistical relationship
between initial size and growth rate because of the many different time periods for which
growth rates were measured. To assess annual differences in growth rates, mean (+SD)
daily growth rates were calculated for O. mykiss in 2010 (captured in November 2009 and
recaptured in November 2010 [#=11]), and in 2011 (O. mykiss captured in November 2010
and recaptured in November 2011 [#=18]). To investigate seasonal differences, mean (+SD)
daily growth rates were calculated for O. mykiss captured in November 2010 and recaptured
in March 2011 (winter; n=16) and for O. mykiss captured in March 2011 and recaptured in
November 2011 (spring-summer-fall; n=15). Time elapsed between initial mark and first
recapture, for all fish that were recaptured at least once during the study, ranged from 116
to 1,090 days. The initial size of fish recaptured at least once ranged from 110 to 250 mm
FL. Statistical analyses were not applied to the data due to the low number of samples for
each time period; rather, general patterns in seasonal growth were assessed.

Prey items from each lavage sample were sorted, identified, and counted. The
percent frequency occurrence (% FO) was calculated for each prey item in order to determine
which prey items were being consumed by most O. mykiss in fall and spring. Percent FO
characterizes the food habits of a population (Cailliet 1977), ranges from zero to 100, and
is calculated as the number of stomach samples containing prey item x divided by the total
number of stomach samples containing food. The % FO of the various prey items was
compared between fall and spring samples. We also assessed differences in the types of
prey being consumed by O. mykiss in fall and spring by calculating the mean percent of each
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prey type in a sample, which was calculated as the number of individuals from category x in
sample z divided by the total number of prey items in sample » and averaged for each season.
Prey items were placed into one of three categories: (1) aquatic insects; (2) terrestrial insects;
or (3) fish, crayfish, or snails. Differences among the stomach content samples from fall
and spring in the number and types of prey items and types of prey observed were assessed;
however, statistical analyses were not conducted because of the low and inconsistent sample
sizes between sampling periods.
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FiGURE 2.— Initial size (mm; FL) and growth rate (mm/day) between recaptures of pit tagged Oncorhynchus mykiss
(n=67) in Topanga Creek, Los Angeles County, California, 2008-2011.

In general, smaller fish grew at higher rates than larger fish (Figure 2). Daily growth
rates ranged from 0.04 to 0.56 mm/day, with a mean (+=SD) of 0.21+0.13 mm/day. Annual
growth rates were similar in 2010 and 2011 (0.16+0.03 mm/day and 0.16+0.07 mm/day,
respectively). Mean daily growth rates of the winter group was nearly triple that for the
spring-summer-fall group, despite the longer period of time for which growth was measured
for the latter group (0.38+0.14 mm/day and 0.13+0.07 mm/day, respectively).

It appeared that dipterans, trichopterans, ephemeropterans (specifically baetids),
and hymenopterans were important food sources in both November 2010 and March 2011,
as those were the most frequently occurring prey items during those times (Table 1). Adult
dipterans were the primary food source in the fall, whereas larval dipterans were the primary
food source in the spring. In November, 4.7% and 9.3% of the samples contained Arroyo
chub and crayfish, respectively, neither of which was observed in March samples. Algal
and plant debris was observed in 60.5% of stomach samples from November compared to
<8% of March samples, which corresponds to observed seasonal patterns of benthic algal
cover (Dagit and Krug 2011). Although individual prey items in the stomach contents
of O. mykiss in Topanga Creek were similar between seasons, in general, O. mykiss were
consuming primarily aquatic insects in March and a more general array of aquatic insects,
other invertebrates, and fish in November (Figure 3). March samples contained more
than double the number of prey items than those in November (30.7492.5 and 86.9+62.5,
respectively).

The patterns in growth rates observed for O. mykiss in Topanga Creek were similar
to observations in other coastal California streams. For instance, Hayes et al. (2008) reported
that specific growth rates of O. mykiss in the upstream habitat of a small central California
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TaBLE 1.—Percent frequency occurrence of various prey items in stomach contents of Oncorhynchus mykiss in
Topanga Creek, California in November 2010 (n=43) and March 2011 (n=13).

% Frequency Occurrence

Prey Item November March
2010 2011
Aquatic Insects
Diptera
Larvae 14 92.3
Pupae 7 7.7
Trichoptera
Larvae 48.8 69.2
Pupae 2.3 30.8
Ephemeroptera
Baetidae: subimago 9.3 61.5
Baetidae: nymphs 11.6 69.2
Other 18.6 30.8
Odonata
Nymphs 11.6 154
Larvae 0 7.7
Plecoptera 0 15.4
Coleoptera 349 61.5
Hemiptera 25.6 53.8
Terrestrial Insects
Diptera
Adult 53.5 53.8
Hymenoptera 349 69.2
Lepidoptera 14 38.5
Araneae 233 23.1
Fish: Arroyo chub 4.7 0
Crayfish 9.3 0
Snails 34.9 23.1
Amphipoda 23.3 15.4
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FiGUurRE 3.— Mean (£SE) percent composition of aquatic, terrestrial, and fish, crayfish, or snails found in
Oncorhynchus mykiss stomach samples collected from Topanga Creek, Los Angeles County, California in Fall
2010 and Spring 2011.
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creek were, on average, higher in winter and spring than in summer and fall. In the lower
Mokelumne River, California, Merz (2002) reported growth rates of O. mykiss ranged
from 0.04 to 0.92 mm/day, and averaged 0.32 mm/day. Overall, growth rates observed in
this study were lower than those observed by Merz (2002); however, this could be due to
the fact that he observed growth of fish of smaller initial sizes than we did and, similar to
our study, he reported that smaller fish tended to grow faster than larger fish. Sogard et al.
(2009) reported average growth rates of O. mykiss in a small northern California creek to
rarely exceed 0.30 mm/day, and also reported highest growth occurred during winter-spring.
In addition, we found that O. mykiss in Topanga Creek appeared to be feeding
on similar items and at similar times as those in central California creeks. For instance,
Rundio and Lindley (2008) reported that terrestrial invertebrates were an important prey
source for O. mykiss in a Big Sur coastal creek, and that their importance was related both
to the relative abundance of aquatic prey and water temperature. Merz (2002) reported that
in a central California creek, adult insects were most important in the diets of O. mykiss in
summer and fall, whereas aquatic insect larvae were most important in spring and winter.
In general, we found that O. mykiss in Topanga Creek showed evidence of
heightened growth rates during the winter compared to the spring-summer-fall period of
the study, suggesting that conditions in the creek, whether it was food availability, reduced
thermal stress, or some other factor, were likely conducive to higher growth rates during the
cool, wet winter and early spring than the remainder of the year. Our results are consistent
with other research that has suggested that growth rates of O. mykiss are typically higher in
the productive and hydrologically flashy systems in central and southern California when
compared to more northerly streams (Satterthwaite et al. 2009). The energetic challenge of
overcoming thermal stress during late summer and fall in our study area is further exacerbated
by coincidentally low streamflows, which have been shown to reduce input of invertebrate
drift and, subsequently, decrease growth (Harvey et al. 2006). Spina (2007), however,
reported that southern California O. mykiss were able to successfully continue foraging when
water temperatures were between 17.4°C-24.5°C. Growth of O. mykiss in Topanga Creek
appears to be supported by relatively high food consumption or by their ability to generalize
their diet, especially during summer and fall when water temperatures are high (>24.5°C).
We observed that O. mykiss were feeding at much higher rates (more items/stomach)
in March, and were feeding predominantly on an apparently reliable source of aquatic
macroinvertebrates that, despite their small size, are relatively nutritious (see Cummins
and Wuycheck 1971, Ciancio and Pascual 2006, Johnson et al. 2006). In contrast, during
November, fish were feeding at much lower rates and were feeding opportunistically on a
wider variety of prey, including non-native crayfish, snails, and Arroyo chub. Snails and
crayfish have relatively much lower caloric values than the aquatic macroinvertebrates
being consumed in March (Cummins and Wuycheck 1971, Ciancio and Pascual 2006).
Fish, however, are a generally and relatively highly nutritious food source (Cummins
and Wuycheck 1971, Ciancio and Pascual 2006). Once stream-dwelling salmonids reach
large sizes (>250 mm) they must be predominantly piscivorous to grow larger (Keeley and
Grant 2001). Although predation on Arroyo chub by O. mykiss has not been previously
documented, chub appear to be an important food source for O. mykiss in Topanga Creek,
especially during times when abundance of aquatic macroinvertebrates is limited.
Arroyo chub may also be competing with O. mykiss in Topanga Creek for food
resources. Chub are opportunistic feeders, and have a benthic diet that shifts between
mostly filamentous algae and mollusks, and occasionally drifting invertebrates, depending
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on food availability (Greenfield and Deckert 1973, Richards and Soltz 1986). Richards and
Soltz (1986) observed little dietary overlap or competition between juvenile steelhead and
Arroyo chub during most seasons, which they attributed to steelhead being primarily drift
feeders, while chub were focused on benthic items. However, there were some periods
when invertebrate drift rates were high and diet overlap between juvenile steelhead and
Arroyo chub was increased. Consequently, when invertebrate drift rates are high in Topanga
Creek, diet overlap and potential competition between juvenile steelhead and chub may be
strong. Additional data are warranted to assess whether these two species are competing
for food, space, or both.

Lastly, snorkel survey observations indicated that O. mykiss >120 mm FL generally
were concentrated in pools that contained a relatively deep plunge section and bubble curtain
below a cascade, which has been shown to be an area associated with higher prey availability
and more successful drift feeding for salmonids (Furukawa-Tanaka 1992), whereas smaller
O. mykiss were typically found in shallower riffles and runs (see Dagit and Krug 2011). It
is possible that O. mykiss in Topanga Creek position themselves in such a way to optimize
their feeding potential, but further studies are necessary to assess this potential.

This study has contributed information, which was previously limited, on the
seasonal growth and diet of O. mykiss in a southern California coastal creek. Further work
is needed in order to more precisely determine variations in seasonal growth and diet of O.
mykiss in this system, and to further assess the mechanism supporting their ability to grow
and survive in the southern portion of their range, a place where high summer temperatures,
low streamflows, and anthropogenic impacts provide relatively challenging conditions for
those salmonids.
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