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Recreational fishing for Rainbow Trout (Oncorhynchus mykiss) is impor-
tant economically in California. We determined the upstream and downstream
distribution of Rainbow Trout in a southern California stream, and classified
all available habitat within that area as riffle, pool, cascade-pool-complex, and
flatwater. Approximately 10% (based on length) of each habitat type was sampled
using depletion electrofishing. We estimated Rainbow Trout abundance, both
<100 mm and >100 mm, by extrapolating average number of fish per m? in each
habitat type sampled to the total m? of each habitat type. A total of 854 fish were
captured, with the greatest proportion coming from the cascade-pool-complex
habitat type, followed by pool, flatwater, and riffle. The population estimate for
Rainbow Trout <100 mm was 1,763 fish (95% CI +442), and for Rainbow Trout
>100 mm was 5,383 fish (95% CI £1,688).
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Recreational fishing for trout in California has cultural, historic, aesthetic, and eco-
nomic importance. Many anglers from the United States as well as foreign countries travel
to California for the opportunity to fish its inland waters (Alkire 2003). Of these anglers
visiting California, approximately 2.7 million chose angling in freshwater systems, and 1.9
million of those anglers pursued wild trout (Anderson 1990; U.S. Department of the Interior
1998;). In 2011, the U.S Fish and Wildlife Service reported 54% of all freshwater fishing
days in California were focused on trout and estimated trip and equipment expenditures at
$1.1 billion (USFWS 2011).

In San Diego County, Rainbow Trout (Oncorhynchus mykiss) are near the southern
limit of their distribution (Abadia-Cardoso et al. 2016). Although many of the reservoirs
in San Diego County are stocked in the winter months with Rainbow Trout, these facilities
require fees to fish and do not provide the solitude and wild fish many trout anglers seek.
Only three stream populations of wild Rainbow Trout are available for anglers to pursue
in San Diego County (i.e., Pauma Creek, West Fork San Luis Rey River, and Sweetwater
River), yet only Los Angeles County has a greater number of people (United States Census
Bureau 2020). The California Department of Fish and Wildlife regularly monitors these
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populations, but no angler survey boxes are present, no creel surveys have been conducted,
and no baseline population estimates for these populations have been conducted or published.
To manage stream populations of Rainbow Trout more effectively we sought baseline data
on their distribution and abundance. Here we report findings for Pauma Creek conducted
in the summer of 2012 and 2013.

Sound statistical design is essential when attempting an abundance estimate within a
stream. The study design must be mindful of time and person hours necessary to complete
the abundance estimate, but also be detailed enough for the data to be useful. Some of the
many ways to adjust fisheries research to these design complexities are reviewed by Johnson
and Nielsen (1983), Brown and Austen (1996), Willis and Murphy (1996), and Ney (1999).
Appropriate statistical design must also consider locations carefully to ensure a moderate
degree of success. To provide data for future management of the Pauma Creek Rainbow
Trout population, we chose to create a statistically sound estimate of abundance in the pe-
rennial section of Pauma Creek by censusing all available habitat and estimating density in
a random sample of habitat units.

METHODS
Study Area

Pauma Creek is a second order stream (Strahler 1964), in northern San Diego County,
California, and drains 62.9 km? of the southwestern face of the Agua Tibia Mountain Range
and Palomar Mountain (Fig. 1). The 13 km stream begins at the confluence of French and
Doane creeks. Rainfall is seasonal with most precipitation occurring from October to April,
approximately 76 cm annually (Kajtaniak and Downie 2010). Palomar Mountain rainfall
exceeds the amounts reported elsewhere in San Diego County, and this, coupled with high
relative humidity, supports the dominant vegetative cover of mixed hardwood forest. The
gradient of Pauma Creek is steep (> 10%) and elevation ranges from 223 m above mean
sea level at the confluence with the San Luis Rey River to elevations as high as 1,585 m in
the headwaters of Doane and French creeks (Kajtaniak and Downie 2010). Our temperature
logger data from 2015 indicate water temperatures are moderate with summertime highs
reaching 21° C and winter lows reaching 7° C. The riparian zone is dominated by White
Alder (Alnus rhombifolia), with limited willows and dogwood. Primary landowners are
the U.S. Forest Service, California State Parks, and local Native American tribes (Fig. 2).
The wild Rainbow Trout present in Pauma Creek are descendants of hatchery fish (Abadia-
Cardoso et al. 2016), located upstream of multiple barriers to anadromous migration, and
therefore, not considered part of the Southern California Distinct Population Segment of
anadromous steelhead.

Habitat Typing

Classification and enumeration of each habitat type facilitates statistically sound es-
timates of abundance through censusing the amount of each habitat type within a particular
stream, and then sampling a randomly selected subset of each habitat type for fish abundance
(Hawkins et al. 1993). This approach provides estimates of fish abundance for each specific
habitat type and can be combined to estimate population abundance for the entire stream
(Hawkins et al. 1993).
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Figure 1. Overview showing the location of Pauma Creek, San Diego County, California.

In 2012, we surveyed the entire perennial section of Pauma Creek to determine the
extent of Rainbow Trout occupancy. No water was present on the valley floor, and most of
the tributaries were dry. Doane and French creeks contained a few fish in isolated pockets
but were mostly dry when sampling occurred. We habitat typed all of Pauma, Doane, and
French creeks. Two people typed habitat during summer base flows, one to measure lengths,
widths, and depths, and one to record data. We maintained consistent classification of habitat
units by having the same person be responsible for all classification. Once a determination
of habitat type was made, we marked a piece of orange flagging indicating the habitat type
and tied it to a tree near the downstream end of the unit. Individual habitat units were classi-
fied as riffle, pool, cascade-pool-complex (CPC), and flatwater, which we based on level 111
surveys detailed in Flosi et al. (2010). We measured total thalweg length in each unit, along
with three randomly selected widths. For units longer than 20 m, a total of five randomly
selected widths were measured, and we estimated average depth.

Depletion Sampling

To estimate the Rainbow Trout population, we randomly selected habitat units from
our census, and used depletion electrofishing. To determine which units would be sampled
we randomly selected a number and walked upstream until the randomly selected number
of units had been traversed. For example, if the number three were randomly selected while
we were standing at the upstream end of a pool, the unit above the pool would be counted as
unit number one. The next three units would be walked through, and the fourth unit would
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Figure 2. Detail map of Pauma Creek, San Diego County, California. Only the lower portion of Pauma Creek is
shown to provide details regarding the location of each habitat unit sampled.

be sampled. The only exceptions were deep pools. Any randomly selected pools deeper than
2 m were skipped due to poor sampling efficiency of backpack electrofishing equipment.

We halted sampling at the confluence with Lion Creek due to low flows and a lack of
water within the stream. An approximately 300 m section of stream had no surface water
on 23 August 2013 and all sections upstream of the dry section exhibited flows <1 ft* sec.
While there were a small number of isolated pools that appeared to contain fish upstream
of Lion Creek, we chose not to include them in our sample as they were atypical of pools
in the free flowing section of Pauma Creek previously sampled.

We employed the standard block net and depletion electrofishing techniques detailed
in Temple and Pearsons (2007). The crew consisted of three individuals: one to run the
backpack electrofishing unit, one to net fish, and one to carry the bucket in which stunned
fish were placed. Each habitat unit was fished in an upstream direction only. No pass was
made in the downstream direction because walking upstream typically produced a sediment
cloud that precluded an effective downstream pass. A reduction rule was used to determine
the number of passes for each habitat unit: if the number of Rainbow Trout captured on the
first pass was less than 10, additional passes were made until we achieved a 50% reduc-
tion in the number of Rainbow Trout captured from the preceding pass; if the number of
Rainbow Trout captured on the first pass was greater than or equal to 10, additional passes
were made until we achieved a 66% reduction in the number of Rainbow Trout captured
from the preceding pass (Rodgers et al. 1992). For example, if nine fish were caught on the
first pass, four fish were allowed on the second pass. If 20 fish were caught on the first pass,
seven fish were allowed on the second pass.
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We used a Smith Root LR-24 backpack electrofishing unit throughout the study. Set-
tings were based upon the quick-set-up function available with the LR-24 and raising the
suggested voltage by 30 volts. We used a pulsed DC waveform with a frequency of 30 Hz
and a 12% duty cycle. Voltage used varied from 200-300 volts and was dependent upon
conductivity. Habitat complexity (i.e., large rocks with interstitial spaces) prevented the
effective use of long-handled, large dip nets within Pauma Creek, so 8-inch aquarium nets
and hands were used to capture most fish. All stunned fish were placed in a bucket with a
bubbler until the end of each respective pass. Captured fish were measured after each pass
to the nearest mm (fork length), weighed to the nearest gram, and placed in an additional
bucket with an air bubbler. Anesthetic was not used to measure and weigh fish. Initiation of
the next pass would not begin until a minimum of 30 minutes had elapsed from the end of
the previous pass. This allowed recovery of remaining fish to improve the chance of equal
capture probability among electrofishing passes (sensu Cross and Stott 1975). All fish cap-
tured during each electrofishing pass were kept in separate buckets with air bubblers until
sampling of the unit was completed. Once all passes were completed, fish were released
over the entire length of the sampled habitat unit.

Population Estimate

Data from captured fish were subdivided into fish with fork length <100 mm and fish
>100 mm because previous research has shown that smaller trout have lower catchability
(Lohr and West 1992; Anderson 1995; Thompson and Rahel 1996; Korman et al. 2009),
and electrofishing capture efficiency in streams may be influenced by size of fish (Sullivan
1956; Mahon et al. 1979). Estimates of Rainbow Trout abundance, both <100 mm and
>100 mm, were made by summing first and second pass captures and third and fourth pass
captures across each of the four habitat types and extrapolating average number of fish per
m? in each habitat type sampled to the total m? of each habitat type in the creek. Only units
sampled 2 or 4 times were used to facilitate use of equations associated with the case of two
removals in Bohlin et al. (1989). We conducted Simple Random Sampling ratio estimation
of population size and estimated the total fish population in each stratum using equation 23
from Bohlin et al. (1989)

n n

Y=MEy,/5m,

Where M is the total size m? of the stratum, y, is the total number of fish captured within
the stratum, and m, is the total area m? of the stratum sampled. The population density was
estimated using equation 23’ from Bohlin et al. (1989)

7=/ m

Where 3, is the estimated number of fish within a sampled unit, and m, is the area
m? of the sampled unit. The number of fish/m? was estimated for all units sampled, then
extrapolated to the total m? of that habitat type. The estimated number of fish in a sampled
unit was calculated using equation 13 from Bohlin et al. (1989)

yi=ct/(c1—c2)
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Where ¢, is the number of fish captured in pass 1 and c, is the number of fish captured
in pass 2. Sample variance was calculated using equation 14 from Bohlin et al. (1989)

V(i) =9are
Where ¢, is the number of fish captured in pass 1 and c, is the number of fish captured
in pass 2. This sampling variance is the second part of equation 22 from Bohlin (1989),
while the first part is spatial variance. Statistical analysis used a standard two-stage sample
design (Bohlin 1981) to estimate variances. Total variance was calculated using equation
22 from Bohlin et al. (1989)

D =FN-m V) +F Y 0)

Where N is the total number of units of each habitat type and # is the total number
of units of each habitat type sampled. The first term in this equation represents the spatial
variation of the trout population while the second is sampling error based on the above
calculation of sample variance. Spatial variance was calculated using

vy )_Z(V 2

Approximate (95%) confidence limits were calculated using equation 3 from Bohlin

etal. (1989) y+ /—2SE®)

Where SE s standard error estimated from the square root of the total variance cal-
culated above.

RESULTS
Habitat Typing

The length of Pauma Creek occupied by Rainbow Trout was just over 9 km, leading
to us habitat type 9,191 m of stream channel. Stream habitat was dominated by CPC which
was over half of all habitat classified (Table 1) and included several reaches that were over
50 m in length. The percentage of each habitat type was 8%, 29%, 54%, and 9% for riffle,
pool, CPC, and flatwater, respectively. Pools deeper than 2 m were skipped if randomly
selected, and of the 306 total pools, only 8 were deeper than 2 m. The total length of these
8 pools was 101 m and represents 4% of all pool habitat. Only one deep pool was randomly
selected and skipped.

Table 1. Total number of each habitat type, total length of each habitat type, mean width of each habitat type, and
mean depth of each habitat type in Pauma Creek.

Habitat Type Total no. units Total length (m)  Mean width (m)  Mean Depth (m)

Pool 306 2685 4.11 0.5
Riffle 95 707 2.18 0.1
Flatwater 64 840 3.09 0.2
Cascade Pool 267 4960 3.23 0.2

Complex
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Population Estimate

Sampling began 29 July 2013 and was completed 20 October 2013 just downstream
of the confluence with Lion Creek (Figure 2). Reducing the area available for sampling left
4.3 km and altered the percentage of each habitat slightly. The percentage of riffle habitat
within the 4.3 km went up to 10%, while pool increased to 38%, CPC decreased to 50%, and
flatwater decreased to 2%. Within the revised sampling area, 45 habitat units were sampled
(Figure 2), representing 14% of the habitat based on length and area and 11% based on
number (Table 2). A total of 854 fish were captured, with the greatest proportion coming
from the CPC habitat type, followed by pool, flatwater, and riffle.

The population estimate for Rainbow Trout <100 mm was 1,763 fish (95% CI +442).
Population estimates ranged from 116 to 776 (Table 3) in the different habitat types, while
88% of all estimated fish <100 mm were in the pool and CPC habitat types.

Table 2. Within the revised sampling area of Pauma Creek, the number of units of each habitat type (N), the total
number of units of each habitat type sampled (n), and the sample percent of the total. Area is in m?, and length is in m.

Habitat Total habitat Sampled habitat Sample percent of total
type N area length n Area  Length n Area  Length
(m’) (m) (m?) (m)
Riffle 65 985 403 5 119 55 8 12 14
Pool 185 6803 1658 17 630 153 9 9 9
CPC 134 6672 2172 16 1066 330 12 16 15
Flatwater 8 413 100 7 275 89 88 67 89
Total 392 14873 4333 45 2090 627 11 14 14

Table 3. Population estimate of Rainbow Trout in Pauma Creek <100 mm.

Habitat type Fish captured Population  Variance +95% CI CI % of Fish/m?

estimate pop. est.
Riffle 14 116 1,394 73 63 0.118
Pool 64 767 25,211 311 41 0.113
CPC 116 776 28,984 334 43 0.116
Flatwater 60 104 338 36 35 0.252
Total 254 1,763 55,927 442 26 0.119

The population estimate for Rainbow Trout >100 mm was 5,383 fish (95% CI £1,688).
Population estimates ranged from 50 to 3,414 (Table 4) in the different habitat types, and
97% of all estimated fish >100 mm were in the pool and CPC habitat types.

DISCUSSION

Estimating the abundance of stream-dwelling salmonids is a frequently used manage-
ment strategy (Rodgers et al. 1992). For example, Habera et al. (2010) note many small
southern Appalachian streams are sampled regularly with depletion techniques to obtain
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Table 4. Population estimate of Rainbow Trout in Pauma Creek >100 mm.

Habitat type  Fish captured ~ Population Variance CI % of pop. Fish/m?

estimate +95%ClI est.
Riffle 6 50 2,499 98 196 0.051
Pool 279 3,414 540,606 1,441 42 0.502
CPC 262 1,821 197,698 871 48 0.273
Flatwater 53 98 531 45 46 0.237
Total 600 5,383 741,334 1,688 31 0.362

abundance estimates (Neves and Pardue 1983; Ensign et al. 1991; Habera et al. 1996). These
sampling efforts serve the same purpose as similar efforts here in southern California: to
inventory and monitor wild (self-sustaining) trout populations and provide data to assist in
current and future management.

We estimate a total of 7,146 Rainbow Trout were present within the perennial 4.3 km
of Pauma Creek. This breaks down to 0.6 fish/m, or 2 fish/m2. Approximately 88% of the
estimated population of fish < 100 mm are thought to be in the CPC and pool habitat types.
Approximately 97% of the population of fish >100 mm are thought to be in the CPC and
pool habitat types. These complex habitats contained more boulder substrate, which previ-
ous research has shown influences the presence of both juvenile and adult salmonids (Baltz
et al. 1991; Gries and Juanes 1998; Meyer and Gregory 2000). The CPC and pool habitat
types were also the dominant habitat types in terms of both length (~88%) and area (~91%).

The abundance estimate for Rainbow Trout in Pauma Creek is likely an underestimate
of'the true abundance. Many researchers have reported that multiple pass removal estimates
overestimate capture efficiency and underestimate abundance (Peterson and Cederholm 1984;
Riley and Fausch 1992; Peterson et al. 2004; Habera et al. 2010; Meyer and High 2011).
However, Myer and High (2011) also report that depletion electrofishing in small Rocky
Mountain streams with moderate channel complexity can produce estimates of abundance
that are only slightly biased in the negative direction.

To address the size selectivity of electrofishing for Rainbow Trout, captured fish were
subdivided into fish <100 mm, and fish >100 mm. Habera et al. (2010) found stratification
of electrofishing data by fish size was essential to help offset catchability variation, and
reported recapturing 88% of Rainbow Trout over 100 mm and 65% of Rainbow Trout under
100 mm. Furthermore, the measured first pass capture efficiencies in Habera et al. (2010)
were 46% for fish <100 mm and 74% for fish >100 mm, while estimated first-pass capture
efficiency for all habitat types in Pauma Creek were 73% for fish <100 mm and 73% for fish
>100 mm. To limit bias, electrofishing was conducted by a few experienced individuals, and
the same crew lead was always present. We believe our high estimates of first pass capture
efficiencies coupled with an experienced crew led to fairly low levels of negative bias.

Our population estimates for Rainbow Trout >100 mm (5,383) and <100 mm (1,763)
were very different, with substantially fewer fish <100 mm. We attribute these differences to
the inherent size selective nature of electrofishing. Reynolds (1983) wrote that conclusions
regarding length frequency data from electrofishing samples should be treated cautiously
because data regarding the relative abundance of small fish is probably biased in the negative
direction. Sullivan (1956) and Mahon et al. (1979) showed capture efficiency of electrofishing
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in streams may be influenced by the size of fish, and other researchers such as Zalewski and
Cowx (1990) and Reynolds (1996) have linked immobilization thresholds of electrofishing
to fish size. More detailed research indicates small trout tend to have lower catchability than
large trout (Lohr and West 1992; Anderson 1995; Thompson and Rahel 1996; Korman et
al. 2009). It is also likely the complex habitats of CPC and pools, dominated by boulder
substrate, influenced depletion estimate bias as Myer and High (2011) found.

Considering our population estimate of 7,146 Rainbow Trout in the perennial 4.3
km of Pauma Creek, we believe this population is abundant and stable. Repeated annual
surveys since this intensive effort in 2013 have revealed minor fluctuations in the relative
abundance of fish (R. Barabe Unpublished Data). Halting sampling at the confluence of Lion
Creek prevented us from estimating abundance in all of Pauma Creek, but as noted earlier,
we were unable to determine a way to randomly select habitat units when only one habitat
type (pools) contained fish and water. While extreme changes in flow ranging from drying to
flooding has been reported as a common occurrence in arid southern California (Gasith and
Resh 1999), Pauma Creek does not become intermittent annually. This area of San Diego
County receives an average annual rainfall of 76 cm, versus 30 cm in the lower elevation
areas of the County. The conditions witnessed in 2013 were likely in response to drought.

The Rainbow Trout in Pauma Creek are one of three remaining wild Rainbow Trout
populations within San Diego County. Stocking Rainbow Trout in reservoirs has been and
continues to be prevalent, but stocking streams was halted in the early 2000s. The Rainbow
Trout of Pauma Creek provide nearby residents a fairly local experience where anglers can
capture wild fish without driving to the Sierra Nevada mountains. This is important when we
consider that San Diego County is the second most populous county in California. Addition-
ally, access to Pauma Creek is limited to a single location upstream and a single location
downstream, making it difficult for fishermen to deplete this population through harvest or
catch and release. We believe these data could be useful for comparisons in the future and
might even help future managers if restrictive regulations are needed.
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