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Abstract

Microsatellite genetic diversity found in Alameda Creek rainbow trout support a
~close genetic relationship with coastal trout found in Lagunitas Creek, Marin County,
California. No significant genotypic or allelic frequencies associations could be drawn
among Alameda Creek trout and fish collected from the fowr primary rainbow trout
hatchery strains in use in California, Whitncy, Mount Shasta, Coleman, and Hot Creek
strains, Indeed, genctic distance analyses (Su‘?) supported genctic separation among
Alameda Creek trout ana hatchery trout with greater than 50% bootstrap values in 1000
replicate neighbor-joining trees. Fish collected for this study from Palo Seco and
Sheppard Creeks shared allelic frequencies with both the fish in Alameda Creek and
those found in Scott Creek in Santa Cruz Ceunty. Fish collected in Horseshoe Creek or
San Lorenzo Creek (Alameda County) did not share this unique penctic relationship
between Alameda Creek fish and putalive wild coastal trout. These two streams had
allelic frequencies similar to some hatchery trout strains and to wild trout captured in the
Central Valley. These data suggest that there are two possible stcelhead ESUs using the
tributaries ol San Francisco Bay (one coastal and one Central Valley) or that hatchery
trout supplementation has impacted some, but not all streams with a subsequent Joss of
locally adapted genetic characteristics. These data support the implementation of
cohservaﬁon management of ra;inbow trout in the Alameda Creek drainage as paﬁ of the

central California coastal sLeeIhead ESU.
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Introduction

The status of freshwater rainbow trout {Oncorhynchus mykiss} in California’s
coastal drainages where anadromous steelhead have historically occurred is under
considerable scrutiny (ollowing the listing of California’s steelhead under the Endangered
Species Act by the National Marine Fisheries Service (NMFS). The implications of life
history in Oncorhynchus mykiss under this listing remain controversial. Genetic studies
of the anadromous portion of coastal O. mykiss populations (fish demonstrating
movernent into salt water for maturation) have shown a great deal of biogeographic
structure throughout their range in California (Nielsen et al 1994a, 1997a; Niclsen 1996a
& 1999). Califorma’s rainbow trout and steelhead appear to be different life-history
morphs of the same species with a great deal of flexibilizy in timing and structure of
anadromy in any one population (Shapovaiov and Taft 1954). The anadromous
component of this complex life history, however, appears to have great significance in
maintaining the genetic diversity for this species in California waters (Nielsen et al.
1597b, 1999).

There has been considerable manipulation of rainbow trout in the hatchery
environment since the tum of the écnmry (Busack and Gali 1980) and subsequent
planting of hatchery rainbow trout for sport fisheries throughout California. The impacts
of hatchery fish on the population genetics of native California trout has only been
recently studied (Nielsen 1996a; Nielsen and ountain 1999: Nielsen et al. 1594b, 1999).
Their variation and flexibility in life history structure and the potential implications of
hatchery activity on wild stocks has lead to questions about the inclusion of freshwater
grout i NMFS's steelhead listings under geographic Evolutionary Significant Units

{ESUs),

In this study. we examined genetic diversity found in 10 microsatellite loci
amplified from INA extracted from rainbow trout tissues collected from 12 creeks and
streams in Alameda County. Genetic diversity found in trout within this arca wag
compared 1o results previously analyzed in our Jaboratory for trout and steelhead
poputations found throughout Catifornia. Based on these daty management suggestions
are made concerning the status of freshwater rout populations in Alameda County.

Calllormia. .
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Material and Methods

Sevenly rainbow trout fin tissues sent to our laboratory by Applied Marine
seiences. Tnc. from 12 stream populations in Alameda County were amplified
successfully for DNA analyses (Table [). Baseline genetic data on steelhead/rainbow
trout previously analyzed in our laboratory included information on two additional
collections made on Alameda Creck (1997 California Department of Fish and dee
(CDFG) for the National Marine Fisheries Service (NMFS) and 1998 below thet*’dam Ey
Peter Alcx,andcr, CA-State Parks) nine wild trout populations. and four hatchery rainbow
trout strains. '

We amplified total genomic DNA frorn dried fin tissues according to methods in
Nielsen et al. 1994a. Amplification of 10 microsatellite (1able 2) followed methods
piven in Nielsen and Fountain (1999). Microsatellite allele sizes (including the amplified
primer) were determined in relation to the Genescan-300 internal size standard (P-E |
Biosystems, Foster City, CA), O. mykiss DNA samples of known size that were rerun on
cach gel, and a double-stranded reference marker developed in our laboratory showinyg
the most cormmon alleles available for each locus. GENESCAN (v 1.]) and
GENO'[ YPER v 2.1 (P-E Biosystems) DNA fragment analysis software packages were

used Lo score, bin, and outpul allelic (and genotypic) designations.

Analyses ol heterozygosity and Fy, (function of the probability of identity of genes
within and berween units) were performed wsing ARLEQUIN (Schneider et al, 1997).
Population independence between paired comparisons of allelic frequencics were tested
using Fisher's exact tests. based on a Markov chain adapwnon of row-byv-column
contingency tables using GENEPOP (V3 1a: Raymond & Rousset 1997). Stanstical
stenificance levels for Fisher's exact analvses were set using sequential Bonferroni tests
(Rice 1989),

MICROSAT was used to generate a genetic distance mairix among rainbow trout
populations based on S’ venetic dislance values (Goldstein et al, 1995). The

NEIGHBOR and CONSENSE applications from PHYLIP v, 3.572 (Felsenstein 19935)

were tsed W generate mean and consensus noighbor-iommy wees from Su” genetic

distance values
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Tablc ). Stream locations and number of samples used in the Alameda County trout

analyses.
Location | - Stream Year N
Alameda County Alameda Creek (this study) 1999 4
Alameda Creek (below diny = “ 1998 1
Alameda Creek (NMFS) 1997 48
Arroyo Mocho 1999 1
Horseshoe Creek 199§ lll
Indian Joe Creek 1999 12
Palo Seco 1999 5
Pirate Creek 1999 5
San Leandro Creek 1999 6
San Lorenzo Creek 1999 3
Sheppard Creek 1999 }
Stony: {ook Creek 1999 8
Welch Creck 1999 4
Wﬁ’ﬁ,&r Tree Creek 1999 10
San Joagquin River Mokél umne River 1097 30
Stamislaus River 1697 41
Sacramento River Deer Creek 1997 16
Milt Creek 1997 36
American River 1997 53
Santa Cruz County Scott Creek 1997 30
Marin County Lagunitas Creek 1997 48
Santa Barbara County Santa Ynez River 1995 11
I.A County Malibu Creek 1993 13
Hatcheries Whincy Hartchery strain 1097 53
Mount Shasta Hatchery strain 1987 60
Coleman Matchery strain 1997 60
Hol Creek stramn 1907 33
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Table 2. List of microsatellite loci and their source publications used to amplify DNA
from steclhead rainbow trout (Oncorhynchus mykiss) in the Nielsen laboratory. Number
in parentheses is the number of alleles found in the Alameda Creek watershed for this
study. Mean Hz = mean heterozygosity for this locus in the Alameda Creek drainage.

Number Allelic Size  Mean

Locus Source Alleles Range (bpy Haz

Omy27 M. O'Connell pers. comm.* 11 (6) 95-117 0.56
Omy77 Morris et al. 1996 18(13) 95~ 133 0.79
Omy325 M. O'Connell pers. comm.* 27 (19) 87 - 149 (.74
Oneu? Schribner et al. 1996 45 (21) 110 -290 0.74
Onep8 Schribner et al. 1996 18 (8) 144 - 190 0.46
Onepl4 Schribner et al. 1996 1400 145 171 0.65
O1s] Banks er al. 1999 33(17) 151 - 249 0.71
Ssald McConnell et al. 1995 21(12) 120—-168  0.65
Ssags O'Reilly et al, 1996 14 (1N 105 -159 047

S5a289 MeConnell et al, 1995 14 (7 104 - 130 0.67

* Marine Gene Probe Laboratory, Dalhousie University, Halifax N.S.

Results
Allelic size ranges and the number of alleles for the 10 microsatellite loci tested in

Alameda County rainbow trout [ell within expected values for these loci in O. mykiss
found throughout the species range (see Table 2). Alameda County O. mykiss showed
significant diversity in both allelic size, 93 (Omy77) to 284 (Onepn2) base pairs (bp) and
the number of allcles (mean number of alleles per locus = 12.5). Average heterozygosity
for all 10 loei combined was Hz = 0.64. Mecan Fy, for all 10 loci combined equaled 0.17,
with imost genetice diversine (97%) occurring at the level of individuals within a
population in the Alameda Creek drainage. GENUPOP™s analysis ol population
independence was signtficant lor all paired comparisons suggesting ditferences in
population allelie structure for each sueam locality . Several populations exhibited low
levels of avarage heterozyposity (Table 2. These characteristics could have resulted
from the small sumple sizes available rfor many of the streams analyzed ror this study.

Reproductive isolation of soream populations. populaton bottlenecks. rounder effects,

A
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Table 3. Mean heterozygosity by population including samples successfully amplified for

all ten loci .

Population N Mean heterozygosity
Stongﬁlirook Creek 8 - 0.20
Alameda Creek 4 .53
San Leandro Creek 6 0.55
San Lorenzo Creek 3 0.67
Palo Seco 5 0.40
Horseshoe Creek 1" 038
Sheppard Creek - ] 0.60
Wy Tree Creek 10 0.47
Indian Joe Creek 12 0.38
Arroyo Mocho 1 0.30
Welch Creek 4 0.59
Pirate Creek S | 044

and/or very low effective populauon size within individual streams can not be ruled out,
however, The estimated number of migrants (used as a surtogate for gene flow) among
Alameda Creek trout populations was Nm = 1.8 fish per gencrauon.

The genetic distance matrix for sz genetic distance values calculated among
rainbow trout populations are given in Table 4. Genetic distance comparisons are
presented as a consensus neighbor-joining tree in Figure 1 for a broad geographic range
of rainhow trout/steethead populations in California. Small sample sizes for many |
populations prevented NJ analyses of the genetic distance relationships among wributary
and maingtem populations of trout on Alameda Creek. However, the inclusion of
samples previously gpllcctc‘d by NMFS (1997) on the mainstem Alameda Creek above
the dam and b_\'-val‘:‘a{?‘“rarks below the dam {1998) in these analyses gives some inference

L temporal and spanal population genetic striciure within this drainage.
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Using these ren microsatellite loci the collection of Alameda Creek tributary and
mainstern rainbow trout sent 10 us by Appliéd Marine Sciences, Inc. appear most closely
related to fish collected below the dam and trout found in Lagunitas Creek in Marin
County {Figure 1), However, bootstrap values based on 1000 replicate trees supporting
this relationship were low with only 34% of the trees supporting this relationship in our
consensus genetic distance analysis. Genetic similarnity found among the NMFS samples -
(1997 from Alameda Creek, Applicd Marine Sciences’ collections from Palo Seco, San
Leandro and Sheppard Creek (1999). and Scott Creek trout from Sanra Cruz County is
more difficult 1o explain. The NMFS samples were collected by California Department
of Fish and Game (CDFG) by electrofishing several areas of the mainstem above the dam

(Peter Alexander, State Parks, personal communications).

iil.t"' o

The Alameda Creek. Scott Creek, and Lagunitas Creek trout were separable with 4
hizh bootstrap values (>50%) from four common hatchery rainbow trout strains
(Whitney, Mount Shasta, Coleman, and Hot Creek) used for supplementation in streams
and reservoirs throughout California (Figure 1), This was not wrue for collecrions made
by Applied Marine Sciences m Horseshoe Creek and San Lorenzo Creek. Horseshoe
Creek trout showed a close genetic association in allelic frequency to the Whitney

| Tatchery strain, while the San Lorenzo Creek samples from Alameda County were most
closely related 1o the Hot Creck strain. These agsociations may be the result of artificial
stocking practices in this area oy alternatively, they may represent historic evolutionary
relationships among the siream popularions and the founder populations for the different
hatchery strains, The Mount Shasta Haichery strain, most commonty uscd for stocking
streams and creeks in the San Francisco Bay area was found to be significantly different
in aliclic frequencies (I'isher’s exact P < 0.02 in all comparisons) for all ten loci in

comparisons with the Alameda Creek trout,

Ihscussion

With the listing of Calitornia’s stecthead populutions as threalened or endangered
vvotutionandy sieatficant units (ESUs) under the Fndangered Species Act, the question of
local stock integnny and historic impacts of stocking rainbow trout in the craeks aﬁd

streaumes surrounding San Francisco Bay area has risen to the surtace ol public interest

OCT-14-1999  12+17 518 451 3631 i P21



(Scott 1997). The California Department of Fish and Game ceased management of
steelhead in Alameda Creek and other S F. Bay tibutaries during the 1950s. At that
time urban development with it subsequent environmental damage and the construction
of water barriers and dams prevented steelhead from migrating and spawning in many of
the major streams and tributaries in this area (W. Jones, CDFG, personal
communications).

Only recently have anadromous steethead begun to appear in the mouths of these
rivers again. - The origins of these anadromous fish are in question. Are they part of the
original evolutionary components of S. F. Bay’s wild steelhead runs? Are they
descendents of the Jandlocked populations of steelhead captured by the construction of
dams and reservoirs in the 1950s that have somehow passed the gauntlet of dams and
obstructions and made their way to the sea? Are they simply hatchery strays that have
lost their way and ended up by chance in Alameda Creck? Al of these hypotheses have
legitimate support from the scientific literature as strong possibilities, and each creates its
own set of priorities and actions in resource management for the area.

Hatehery fish could be contributing to the Alameda Creek stock in two different
ways, as anadromous adults or as rainbow trout introduced into the system for sport
harvest. Hatchery steelhead stocks are produced in large numbers on the Sacramento
River. Straysin S. F. Bay could be derived from steelhead produced by the Coleman
Hatchery. but our genetic analyses show significant allelic differentiation among the trour
collected below the dam on Alameda Creck and the Coleman Hatchery strain, The
Feather River Hatchery and to a lasser extent the Merced River Hatchery also produce
stecthead smolts for release into this system. but we currently have no genetics data on
these stocks Tor these analyses.” We did sample and have microsatellite data for wild
wout [rom several of the major rivers in the Sacramentn-San Joaquin svstem. including
the American, Stanisiaug, and Mokelumne rivers. None of the trout populations on these
rivers had close microsatellite allelic associations with the Alameda Creek collection

made for this study (see Figure 1),

'Pending CALFED contract between my laboratory and CDEG for aenenc analyses of Central Valley
steelhead populations includes these populations, Expected st date 15 earty 2000,
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The stocking of hatchery raised rainbow trout in streams and rivers throughout
the LI, S. has caused concern about potential introgressive hybridization. genetic
swamping. or competitive exclusion with native trout (Reisenbichler and Melntyre 1977;
Dowlings and Childs 1992; Campton 1993). The role of hatcheries in the preservation
and conservation of native fish stocks remains controversial (Hindar ct al. 1991; Waples
and Do 1994, Bushy 1996). The Sacramento River g.enetic origins of most of
Calitornia's hatchery rainbow troul strains complicates our ability to discriminate
genctically among trout of hatchery and wild origins in central California (Busack and
Gall 1980; Gall 1993). Recent DNA technologies, however, give significant resolution
for genetics questions at this scale thar were previously not available (Nielsen 1996a).

It has been shown, however, that bringing a species into artificial propagation in
the hatchery envirémncm can reduce overall effective population size and lead to
re.duui'on in genetic diversity (Waples 1990; Waples and Do 1994: Hedrick et al. 1995).
Small population size with subsequent inbreeding among closely related individuals
increases the likelihood that genelic variation will be lost over time due to genetic drift
(1ajima 1989). This appcars to be the case California’s rainbow trout strains (Nielsen
1996a & b; Niclsen et al. 1997b). The concem is that i a supplementation of hatchery
rainbow trout has been successful, a large fraction of the individuals in the post
supplementation population will be derived from a relatively small number of “founders”
from the initial population and result in a further crosion of genetic diversity (called the
Ryman-Laikre ellect). 1tis questionable if a population subject to the Ryman-Laikre
oflect can actually be considered as part of an evolutionary significant unit for the
conservation of the species.

(Genctic analyses done for this study show no significant relationships among
rous populations collected on Alameda Creek and fish collected from the four primary
rainbow trout hatchery strains used for supplementation in California by CDFG
sugeesting a low probability ot the Ryman-Laikre ct‘t‘ccfon these streams. These data
support the inclusion of these fish within the same ESU as those found in Lagunitas
Creek. However, at this iime NMEST ESA histings ondy afford protecrion to populations
o) mvkisy tound beiow man-made barriers. This represents the 2vident confusion-

between LSA policy positions and the natral biology and genetivs ot this fish species.

NCT-14-1999 12018 518 481 3631 99% P.13



The picture is further complicated by the fact that the genetic separation from -
common hatchery rainbow sirains was net evident on San Lorenzo and Horseshoe Creeks
leading to the question of direct genetic effects of haichery supplementation in these
streams. Low levels of genetic diversity and/or heterozygosities at several microsatellite
loci suggesting small effective population sizes may have had an equally significant
nnpact on these trout hopulations. These data support two possible steelhead ESUs using
the streams and tributaries of San Francisco Bay (coastal and Central Vallev) with the
Central Valley siocks providing the founding populations for the hatchery strains in use
today. In either case, genetics analyses using microsatellites do not support the inclusion
of trout from these streams in the same ESIT as those found in Alameda and Lagunitas
crecks simply because trout in these streams can be found below darms or barriers.

One important factor thought to derive from the toss of natural penetic diversity
15 a drop in fitness” resulting from in the loss of locally adaptive genctic variation not
found in any other group or population (Allendorf and Leary 1988). The markers used in
this study, i.e. microsatellites, are considered genetically neutral and are fixed within a
population by migration or drifi over long periods of time (Jarne and Logda 1996).
Howcever, markers with no selective adaptive function can “hitchhike™ with markers
linked to selective forces wﬁen they arc closely linked to a beneficial allele and are
therefore carried along as the gene that is selected lor increases in frequency (Kaplan et
al. 1989), If the trout in small wibutaries of San Francisco Bay have lost adaptive fitness
lor ymportant life-history tralis. such as the propensity [or anadromy. cannot be predicted
from population genetics data such as those presented herve.

In our rush 1o conserve genetic signatures across the landscape. itis also
impertant 1o take inte account the sustainability of increased abundance that may result
Fronm any conservalion aciivities. Sull genotypic and allelic frequencies in a population
do rellect a signilicant contribution from the past that may hold impornant implications
for the finure of the species andt locally adaptive stocks. At best. a suceessiul
conservation program will have lintle permanent genctic impacts on the nawral diversity
remaning within an LU and (s evolution through ume: at swarst, wowili once again shift
the balance of natire wward our own tliusion of genelic "purity ™ and rewm genotypes in

<isolarion from the saganes of @y olution.

LPE]
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‘Because of the complex nature of the life history of Q. mykiss, it seems incredibly
naive 1o not afford protection 1o a portion of the pepulation simply because
anthropomorphic artifacts such as dams and water diversions block ocean access. On the
other hand, protection for all systems with rainbow trout below such artifacis is equally
umjust. Despite our limited knowledge of the mechanisms of cvolution, if we are 10
protect “evolutionarily significant units” they should be considered with informed
judgement and the best scientific information available. These data make just such a
contribution to our understanding of genetic population structure of steelhead/rainbow

frout 1n Alameda Creek.
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