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Introduction

Nielsen et al. (2003) used multi-locus genotygesiarosatellite, nuclear DNA
(nDNA) loci and mitochondrial DNA (mtDNA) to examerthe genetic structure of rainbow
trout (Oncorhynchus mykisgopulations in the upper Santa Ynez River neatséSBarbara,
California. They also compared mtDNA haplotypegtrencies of those populations to those
of hatchery populations and other naturally spagimiopulations in southern California.
This synopsis summarizes those results and proeideisional interpretations regarding the
potential genetic contributions of introduced rainatrout from hatchery populations to
natural populations currently residing in the Sarmaz watershed. This synopsis is intended
primarily for non-geneticists and individuals respible for water resource and land use

planning in the Santa Ynez River basin.

Background

Rainbow trout, including its anadromous form (Btead), are native to most coastal
drainages of California. This native range inclitiee Santa Ynez River near Santa Barbara
(Fig. 1). Naturally spawning populations of raimbtvout are present throughout much of
the Santa Ynez River watershed.

Three mainstem dams impound the Santa Ynez Rivgr {). The middle dam,
Gibraltar Dam, forming Gibraltar Reservoir, was @bated in 1920. The upper dam, Juncal
Dam, forming Jameson Reservoir, was completed 819 he lower dam, Bradbury Dam,
forming Cachuma Reservoir, was completed in 198iBthree dams are barriers to upstream
movement of fish.

Rainbow trout of hatchery origin have been stodke@alifornia reservoirs for
decades. Most hatchery stocks of rainbow can tfaie genetic origins to populations in
the upper Sacramento and McCloud River drainagdsiMount Shasta region of northern
California. As a result, DNA markers can be usedistinguish hatchery populations of
rainbow trout from native populations throughoutamwf their natural range. Corollary
guestions regarding whether rainbow trout of natimeestry were anadromous (i.e.,
steelhead) or non-anadromous (i.e., resident) wianthropogenic influences (e.g., prior to
dam construction) cannot, in general, be addredisedtly with molecular genetic markers.

The extent to which introduced rainbow trout mayéareproduced successfully in

the upper Santa Ynez River upstream of GibraltanDe&s unknown until the work of



Nielsen et al. (2003). A major question was: Fa@bow trout populations in the upper
Santa Ynez River primarily of “native” origin, h&ery origin, or some genetic admixture of
the two sources.

Nielsen et al. (2003) used nuclear DNA (nDNA) neaskat 13 microsatellite loci and
a 314 base pair (bp) region of mitochondrial DNAIMA) to genetically examine rainbow
trout populations in the upper Santa Ynez Rivene fwo types of markers complement one
another because mtDNA is inherited clonally fronydhe female parent (i.e., with no
genetic recombination), whereas nDNA markers (engerosatellites) are inherited
biparentally in a Mendelian manner. MitochondB®A markers can thus trace genetic
lineages (albeit maternal lineages) whereas nuEldbx markers can assess the breeding
structure of populations. Nielsen et al. (2003palompared mtDNA haplotype profiles for
O. mykissn the Santa Ynez River to mtDNA profiles for Hatcy and other wild
populations in southern California. The degrewlhach these populations may represent
anadromous (i.e., “steelhead”) or resident (i.@irtbow trout”) fish was not evaluated. As
noted previously, these latter evaluations are igdéigenot possible with molecular genetic
markers because resident and anadromous fish withisame watershed generally share a

common ancestry in the absence of a significartheay influence.

Historic stocking of trout above Gibraltar Dam

The most comprehensive report about historic stackf trout in the Santa Ynez River
watershed appears to be Entrix (2004). This rgmontides evidence that Jameson Reservoir
was stocked prior to 1934, and that Gibraltar Resewas stocked at least nine times from
1932 to 1945. The sources for these fish werertep@s being either from an unknown
source or from rescued Santa Ynez River basin fiéscued Santa Ynez River Basin fish
were also reported to have been used to stocknr@liaek in 1945 and Aqua Caliente Creek
in 1939 and 1940.

The data presented in Entrix (2004) did not inéidaat formally sanctioned trout
stocking occurred after 1945 in the Upper Santaz¥matershed upstream of Gibraltar Dam.
However, several years of stocking records weraitable, and the exact year of the last
stocking in this area could not be determined.

Information from the Santa Barbara County Fish @athe Commission indicates that

during the 1940’s, private individuals were repdrte have transferred steelhead in buckets



from “The Narrows” (a location now inundated by Gama Reservoir) to a location above
Juncal Dam (S. Radom, pers. comm., 2005). Additlgnrainbow trout from the California
Department of Fish and Game Fillmore Hatchery weparted to have been used to stock
the Santa Ynez River watershed above Gibraltar Bametime in the late 1970’s.

Although, the exact location(s) of this stockingiaty was not determined, this was likely
the last official stocking of the Santa Ynez Riwatershed above Gibraltar Dam (S. Radom,
pers. comm., 2005).

None of the fish sampled for this study showed may®vidence (e.g., frayed fins,
deformed fins, or missing adipose fins) of hatchangin (G. M. Greenwald, pers. observ.).
Based on the historic data, personal communicateoms field observations, we believe all
rainbow trout sampled for the Nielsen et al. (20818dy were likely the progeny of wild-

spawned fish, rather than hatchery-spawned fish.

Field Sampling

Personnel of the U.S. Fish and Wildlife Serviceduslectrofishing and hook-and-line
fishing with barbless lures and flies to collect ¢lips from 390 rainbow trout from 11
locations upstream of Gibraltar Dam in the uppert®&'nez River watershed from May
2000 through June 2001 (Table 1; Figs. 2 through®)ly hook-and-line fishing was used
in Jameson Reservoir. Due to an unpredictablepathy distribution, fish were collected at
each water body using a semi-systematic clusteplsagndesign. Rather than sampling in
just one or two locations, we attempted to coltgreicimens from all sections of each
sampled water body that were inhabited by rainbbowtt Our target goal was to collect
three or four fish from at least 10 geographicedigresentative sections, and as many as 20
sections, from each sampled water body (Figs.@utfir 8). Attempts were also made to
collect specimens from all habitat types in eachgad water body and from all size classes
of rainbow trout at each sampling location.

Fork length of each fish was measured to the searm, a GPS location was
determined, and a small piece of fin tissue wak&d with surgical scissors from the upper
lobe of the caudal fin (approximately 4-16 AmFin clips were placed in labeled 2.0 ml
vials filled with 100% ethanol. Fin clips were selguently divided in half and placed into
separate, duplicate numbered vials containing 180%nol. The duplicate specimens were

mailed on separate dates to two different genktlmsratories in Anchorage, Alaska: the U.S.



Geological Survey (USGS) lab directed by Jennifei$én and the U.S. Fish and Wildlife
Service lab, now directed by John Wenburg (Niekstead. 2003). A total of 376 fin tissue
specimens were successfully extracted for nDNAyams|and 346 specimens were

successfully extracted for mtDNA analysis (Table 1)

Principal Results
Major findings of Nielsen et al. (2003)

Allele frequencies at the nDNA loci differed sifjoantly (p < 0.05) among all
populations (localities) in the upper watershedvab@ibraltar Dam, except between two
localities upstream from Juncal Dam: Jameson Resend the North Fork of Juncal
Creek.

Overall patterns of genetic structuring were, vaitie exception, concordant between
the mtDNA and nDNA results (Fig. 2 of Nielsen et(@003)). As reported by Nielsen et al.
(2003), levels of divergence among populations weeater for mtDNA than nDNA, most
likely reflecting greater genetic drift effects asmted with the former type of markers.

Nielsen et al. (2003) found populations of rainkiosut upstream of Juncal Dam to
be diverged genetically from populations downstréam Juncal Dam in the upper
watershed above Gibraltar Dam (Fig. 2 of Nielseal €2003). The three sampled
populations upstream of Juncal Dam grouped togettiterl00% bootstrap probability.
Similarly, the five sampled populations betweenciibam and Gibraltar Dam grouped
together with 99% probability.

Detailed examination of Table 6 of Nielsen ef{2003) suggests that tihelative
frequencie®f mtDNA haplotypedMYSlandMYS3among Santa Ynez populations, and
other coastal populations . mykissn southern California, most likely reflect the ent to
which introduced rainbow trout of hatchery-origat [east females) have successfully
reproduced in those watersheds (see Figs. 3 thf@wglthis synopsis). HaplotypésyS1
andMYS3predominate in Californihatcherypopulations of rainbow trout (mean frequency
=0.833 and 0.129, respectively; Table 6 of Nielseal. (2003)). Conversely, haplotypes
MYS5andMY S8have never been observed in California hatchepuladions and may be
unique tonative populations in southern California (Nielsen etl®97b, 1998).



Genetic influence of hatchery-origin fish in the $#a Ynez River

Nielsen et al. (2003) report that haplotype frepies for mtDNA did not differ
significantly (p > 0.05) among three natural pofiolss in the lower Santa Ynez River
watershed (Cachuma Reservoir, Hilton Creek, andbtlver Santa Ynez River) and one or
more hatchery strains, suggesting Bamykissn those latter three populations were largely
the descendants of introduced hatchery fish. Aschalso by Nielsen et al. (2003),
haplotype frequencies for all other populationthim Santa Ynez River, including those
upstream of Gibraltar Dam, differed significanttprin each of five hatchery populations (p <
0.05).

Populations of rainbow trout upstream of JuncahDathe upper Santa Ynez River,
and in Alder Creek immediately downstream from &liizam, appear to have been
influenced genetically by introduced hatchery fisee Tables 4 and 6 of Nielsen et al. 2003,
and Figs. 3 through-5 of this synopsis). The comthifrequencies of tHdYSlandMYS3
haplotypes ranged from 0.21 to 0.49 for those fmpulations, suggesting significant
hatchery influence. However, those populations edained haplotypddY S5andMY S8at
significant frequencies (0.51 to 0.79), thus rdftexalso an apparent native genetic
component.

On the other hand, rainbow trout inhabiting foampled tributaries between Juncal
Dam and Gibraltar Dam (Gidney Creek, Camuesa Cre®kCreek, and Blue Canyon
Creek) exhibited little or no mtDNA evidence of engtic influence from non-native
hatchery fish. Combined frequencies of the “ndtivy SSandMY S8haplotypes in those
streams were 1.00 for Gidney and Camuesa creéi&fd. Fox Creek, and 0.96 for Blue
Canyon Creek (Figs. 5 through 9). Only one fiskax Creek and two fish in Blue Canyon
Creek showed mtDNA evidence of a potential hatclrdiyence out of a total of 87 fish

analyzed.

Additional mtDNA data not presented by Nielsen &€t(@003)

Results of the mtDNA analysis for 25 rainbow trérom three additional sampling
locations were excluded from the population anayseNielsen et al. (2003). These
specimens (Table 1) included 18 fish from the upest fish-bearing reaches of the upper
Santa Ynez River (all 18 fish wek&YS5;Fig. 3), five fish from Indian Creek (thré4YS5
and twoMY S8individuals; Fig. 2), and two fish from Agua CalierCreek (Fig. 2), both of



which had haplotyp®#YS5 Hence, all of those 25 fish expressativemtDNA haplotypes
MYS50r MYS8 This slightly reduces the range of frequencoeshfiplotypes MYS1 +
MYS3 upstream of Gibraltar Dam from 0.21-0.49 t530.49 (Table 1, Fig. 9).

Results for fish above passage barriers and impestis
Mitochondrial DNA haplotypes were determined férrainbow trout upstream of
fish passage barriers or impediments. These Bba@ai trout are represented by 16 of the 25
fish discussed in the paragraph immediately abolus, nine additional fish, as follows:
Indian Creek. The Indian Creek sample site was located upstadahe 18-foot high Mono
Debris Basin, a fish passage barrier (Figs. 2\V8¢ sampled several locations of Indian
Creek about 4.1 stream miles upstream of the Magiari® Basin. A total of five rainbow
trout were analyzed. Three of these fish had tgpédY S8 and two fish had haplotype
MYS5(Table 1, Fig. 9). As noted previously, thesa figere omitted from the analyses of
Nielsen et al. (2003).
Upper Santa Ynez River mainstenrWe analyzed 11 rainbow trout specimens collected
upstream of the 6-foot high Juncal Road wet crgsatrthe upper Santa Ynez
campground (Fig. 3). This road crossing appeabgta fish passage impediment, rather
than a fish passage barrier (G. M. Greenwald, péserv.). All 11 analyzed specimens
were haplotyp@YS5(Table 1; Figs. 3, 9). As noted previously, thisle were omitted
from the analyses of Nielsen et al. (2003).
Alder Creek. We collected and analyzed nine rainbow trout ftooations upstream of
the 10-feet high Alder Creek Diversion Dam (Figs5® This diversion dam appears to
be a fish passage impediment rather than a comdbtpassage barrier (G. M.
Greenwald, pers. observ.). Three of the specimpsageam from that barrier were
haplotypeMYS1 and six were haplotypgdYS5(Table 1, Fig. 9). These fish were
included in the analyses of Nielsen et al. (2003).
North Fork Juncal Creek. We conducted visual and electrofishing surveytherreach
approximately 600 yards upstream of the 25-fooewall on North Fork Juncal Creek

(Figs. 2 and 4). No fish of any species were detem this reach.



Discussion and Conclusions

The mtDNA results presented by Nielsen et al. (2@08 consistent with the hypothesis
that introduced rainbow trout of hatchery origirvéanade a greater mean genetic
contribution to sampled populations upstream otdubam (North Fork Juncal Creek,
Jameson Reservoir, upper Santa Ynez River abovesdsmiReservoir) and Alder Creek
(located about 3.1 stream miles downstream frongalubam) than to the other sampled
populations upstream of Gibraltar Dam (i.e., Gid@egek, Camuesa Creek, Blue Canyon
Creek, Fox Creek. Indeed, those latter four pdmmna, including fish from Indian Creek
and Aqua Caliente Creek, showed little evidenceafbatchery genetic influence (Table 1,
Fig. 9). The general consistency between the mtl2NA microsatellite trees, except for Fox
and Alder creeks (Fig. 2 of Nielsen et al. 2008)tHer suggests that nuclear genetic
complements — with respect to native versus intteduenes in the Santa Ynez River - are
most likely similar to those suggested by the mtDééa.

Despite the suspected genetic introgression frdroduced rainbow trout upstream
of Juncal Dam and in Alder Creek, those populatemms others throughout the upper Santa
Ynez River still retain significant, native genetiemplements as evidenced by the presence
of haplotypedMYS5andMYS8(Table 1, Fig. 9). Overall, 317 of 391 rainbowut (81.1%)
sampled for the current study (n = 346), and presipin Fox and Alder creeks (n = 45),
throughout the upper Santa Ynez River watershed (ipstream from Gibraltar Dam)
retained mtDNA haplotypes of presumed native or{iyiy S5or MY S§ that are not known
from hatchery strains of rainbow trout (Nielsemet2003). Overall, 55 of 346 fish (15.9%)
analyzed for the present study had mtDNA haplotyy¥S1or MYS3,suggestive of a
hatchery influence, but those fish were concerdrafestream of Juncal Dam and in Alder
Creek immediately downstream from the dam (Fig. 9).

The mtDNA data from several studies were collatefable 6 of Nielsen et al.
(2003). Those data show that 129 of &B6nykisg24%) analyzed for mtDNA from the
Santa Ynez River watershed had haplotypéS1lor MY S3characteristic of hatchery strains
in California.

Despite the preceding interpretations, we canxcuee the possibility that thdYS1
andMY S3haplotypes occurred naturally at low frequenciresrg southern California
populations of0. mykisgrior to any hatchery fish introduction€onsequently, the mere

presence of those haplotypes at low frequenciestisecessarily direct evidence that



hatchery-origin rainbow trout have successfullyrogjpiced. However, the significantly
higherfrequencies of those haplotypes in particular ¢rg@s and subdrainages relative to
other populations in the same or adjacent watessfeed., upstream of Juncal Dam and in
Alder Creek versus elsewhere in the upper Santa Rieer) is strong evidence for a
significant genetic influence by hatchery-origimi@ow trout in those former areas.

As noted previously, most hatchery strains of magiaomous rainbow trout were
founded in the mid-to-late 1800’s from wild fistkéa from the upper Sacramento River
region of northern California. The results of tlieg-term aquaculture are reflected today in
the Mount Shasta Hatchery rainbow trout strainis Ratchery strain is dominated by two
MtDNA haplotypesMYSlandMYS3(Table 6 of Nielsen et al. 2003). Those haplosyge
found in many wild populations throughout Calif@nand populations with those
haplotypes remain ambiguous as to hatchery oraevilgins. However, the general absence
or low frequencies of those haplotypes among séwuataral populations in southern
California, including their absence or very lowduencies in populations upstream from
known natural barriers, further support the hypsithéhat these haplotypes were naturally
rare among hative populations of rainbow trout (steglhead) in southern California. Thus,
the presence of those haplotypes at significaguiacies most likely reflects a hatchery
influence.

Based on historical stocking records, rainbowttieere stocked in Jameson Lake
upstream of Juncal Dam at least once in the e@30's (CDFG 1934, as cited by Entrix
2004). According to the Entrix (2004) report, fadbw trout had been stocked in the past [in
Jameson Lake] with fair success (CDFG 1934)." Wofaately, "the year of planting or
number of fish planted are not known. It is onhotvn that rainbow trout were planted in
Jameson Lake before 1934" (Entrix 2004). As ngtediously, Juncal Dam was completed
in 1930, thus narrowing the documented rainbowttiminoductions to the early 1930's.

In summary, rainbow trout in the upper Santa YRezr upstream of Gibraltar Dam
appear to have largely been derived geneticalipfnative populations. However, hatchery-
origin fish appear to have also made significamtegie contributions (20 - 50%) to
populations upstream of Juncal Dam and in Aldee€immediately downstream from that

dam.
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Fig. 5. Map of portions of Carpinteria and Whitedge 7.5 minute USGS quads, Santa Barbara Counlifoi@a. The recorded GPS location and
mitochondrial DNA haplotype are plotted for indiuil rainbow trout collected in Jameson Reservoir 8b), Alder Creek (n = 51), and Fox Creek (n =f42
left tributary) by the USFWS during 2000 — 2001oll€ction locations are approximate, and symbalaftocations with multiple specimens have been
artificially dispersed to facilitate differentiatio Sample locations with multiple specimens indsom Reservoir were artificially dispersed in astduaround
the actual collection point. Sample locations waithltiple specimens from Alder and Fox creeks veetiicially dispersed in lines that run approximeigt
perpendicular to the creek beds. Creek sampléidosawith more than four specimens indicated regméa 10 - 50 yard long section of stream that was
sampled at multiple locations, with only one wayypdieing recorded.
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Fig. 6. Map of portions of Carpinteria and Hildré&bak 7.5' USGS quads, Santa Barbara County, @adifoThe recorded GPS location and mitochondrial
DNA haplotype are plotted for individual rainbowtit collected in Blue Canyon Creek (n = 45) byWt&FWS during 2000 — 2001. Collection locations are
approximate, and symbols from locations with migtipamples have been artificially dispersed tdifate differentiation. Specimen location symbwisre
artificially dispersed in lines that run approxielgtperpendicular to the creek bed. Sample lonatwith more than four specimens indicated reptes@b -
100 yard long section of stream that was sampleduétiple locations, with only one waypoint beiregorded.
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Fig. 7. Map of portion of Little Pine Mountain 713SGS Quad, Santa Barbara County, California. réherded GPS location and mitochondrial DNA
haplotype are plotted for individual rainbow traatlected in Camuesa Creek (n = 34) by the USFW#H@®2000 — 2001. Collection locations are
approximate, and symbols from locations with mugtigpecimens have been artificially dispersed ¢difate differentiation. Specimen location syniulere
artificially dispersed in lines that run approxielgtperpendicular to the creek bed. Sample lopatwith more than four specimens indicated reptes@b -
100 yard long section of stream that was sampleduétiple locations, with only one waypoint beiregorded.
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Santa Ynez River watershed, Santa Barbara Couatifpfia during 2000 and 2001. Pie charts indgidae relative proportion of mtDNA haplotypes found
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proportion to all specimens analyzed for each wadely. White portion of pie charts indicates comeloi haplotypes MYS1 and MYS3. Black portion of pie
charts indicates combined haplotypes MYS5 and MYIS8mbers next to pie charts indicate total nuntfespecimens analyzed for mtDNA for each sampled

water body. All fish passage barriers and impedisiare not indicated.



Table 1. Summary of rainbow trout fin clip specimme&onducted by the U.S. Fish and Wildlife Serdagng 2000 and 2001 in the upper Santa Ynez River
watershed, Santa Barbara County, California. Hmepde locations are geographically listed fromriwest upstream (SYR above Jameson) to the most
downstream (Gidney Creek). Abbreviations: nDNAuelear DNA, NF = North Fork, mtDNA = mitochondriaNA, SYR = Santa Ynez River mainstem.
*Specimens from Agua Caliente Creek and Indian KCveere not included in the statistical analyseBligisen et al. (2003). Also, 18 specimens (alllbigpe
MYS§ from the upper Santa Ynez River mainstem aboweedan Reservoir were not included in Nielsen g28i03).

Total # Specimens # Specimens
SampleLotion | #FinClps| STTSE | | Campiaed | Hapayne | #Hapoupe) #Happe #Hapitpe
Collected Analysis Analysis

SYR above Jamesonf 64 59 60 5 4 51 0
Jameson Reservoir 38 38 35 9 8 18 0
NF Juncal Creek 37 37 34 6 7 21 0
SYR below Jameson 2 0 0
Alder Creek 54 54 51 12 1 29 9
Fox Creek 56 56 42 0 1 40 1
Aqua Caliente Creek¥ 2 0 2 0 0 2 0
Blue Canyon Creek 48 48 45 2 0 22 21
Indian Creek* 5 0 5 0 0 3 2
Camuesa Creek 41 41 34 0 0 19 15
Gidney Creek 43 43 38 0 0 15 23
Totals: 390 376 346 34 21 220 71

20




