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INTRODUCTION:   

Rhinichthys osculus, the speckled dace, is considered to be one of the most ubiquitous freshwater fish in 

the Western United States and occupies a variety of environments (Hubbs et al. 1974).  In the Western 

United States, the speckled dace is the only native fish to be represented in all 7 drainage systems 

(Miller 1958).  Locally, the speckled dace is found in tributaries of the Santa Ana Watershed.    

Rhinichthys osculus belongs to the Cyprinidae family, one of the most diverse families of freshwater fish.  

The species belonging to the Cyprinidae family inhabit a variety of environments including lakes, ponds, 

creeks, tributaries and even isolated springs across North America.  Each of these environments contains 

different characteristics and histories.    Due to the characteristics of these habitats, the species of the 

Cyprinidae family have proven to be relevant models to address environmental and ecological changes 

from an evolutionary perspective (Scott and Crossman 1973) (Simons, Berendzen and Mayden 2003). 

An excellent source of population genetic analysis is the highly polymorphic marker, microsatellites.  

Microsatellites are 1-6 base tandem repeats found in nuclear DNA.  We recently identified 23 

polymorphic microsatellite loci for R. osculus in collaboration with the Savannah River Ecology Lab 

(Nunziata et al 2013).  The objective of this project is to characterize microsatellite loci for R. osculus and 

then perform molecular analysis on the data acquired from a variety of populations across Southern 

California to examine gene flow and historic patterns of interbreeding amongst creeks.  Research is 

currently being performed in the Metcalf lab on the cyt b and d-loop regions of mitochondrial DNA 

(mtDNA); mtDNA is only inherited from the maternal lineage of an organism.  Since microsatellites are 
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located on nuclear DNA, they represent both the maternal and paternal evolutionary lineages of the 

specimen.  With this data, we hope to gain a better understanding of the evolutionary histories and 

developments that have occurred among the local populations of R. osculus.   

METHODOLOGY: 

In order to evaluate the genetic variation that exists between the various tributaries of the Santa Ana 

River Watershed, Rhinichthys osculus samples were collected, in collaboration with the United States 

Forest Service and California Department of Fish and Wildlife, from various sampling sites.  In addition, 

newly acquired samples have been collected using proper electroshocking technique under accordance 

with permits issued to the Metcalf Lab by the United States Forest Service.  For each specimen that was 

collected by the Metcalf Lab, GPS coordinates were taken from the sampling location on the designated 

tributary.  A minimum of seven R. osculus samples were acquired from each tributary making sure that 

specimens were acquired from various locations in the tributary in order to evaluate genetic variation 

within the populations inhabiting the tributary.   

Each R. osculus sample underwent genomic DNA extraction using phenol-chloroform extraction 

methods utilizing phase lock gels (PLG) as set forth in Eppendorf’s Phase Lock Gel Manual (Mouse Tail 

Genomic DNA Isolation Protocol).  Genomic DNA extractions were then visualized using agarose gel 

electrophoresis.  DNA concentrations will be analyzed for all tissue extractions using spectrophotometry 

(A260/A280 and A234/A260).  Thirty-three R. osculus samples were used to characterize and identify the 

23 polymorphic microsatellite loci at the Savannah River Ecology Lab (Table 1).  All 23 polymorphic loci 

have undergone amplification using PCR and the corresponding unlabeled primer.  PCR amplicons were 

first visualized utilizing a 2% METAPHOR© gel.  PCR analysis and examination of the amplified products 

have been further evaluated and analyzed on a 6.5% polyacrylamide gel using the LI-COR model 4300 

automated DNA analyzer and fluorescently labeled primers.  PCR protocols, annealing temperatures and 
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reagent concentrations have been adjusted to provide maximal optimization of the microsatellite loci.  A 

microsatellite locus was considered optimal in agarose gel electrophoresis by a strong single or double 

band without the presence of stutter bands or other products.  Each sample, with an amplified 

microsatellite locus, will be scored to determine base pair length and polymorphism using SAGA (LI-COR, 

INC.).  Currently, 110 samples have been evaluated at two different loci and the remaining loci are in the 

process of being scored so analysis may begin in order to evaluate such population genetic parameters 

as gene flow, linkage disequilibrium, F-statistics and effective population size. 

PRELIMINARY RESULTS: 

To date, 110 samples from the Santa Ana River Watershed’s tributaries have been analyzed across two 

microsatellite loci.  Upon preliminary analysis of the Rhos 5 loci, eighteen different alleles have been 

identified in the various tributaries of the Santa Ana River Watershed (Figure 1).  The greatest amount of 

genetic diversity was observed in Twin/Strawberry Creek, Cajon Creek and City Creek.  The least amount 

of genetic diversity was observed in Indian Creek which is an isolated geothermal population in the San 

Jacinto River drainage.  Five private alleles, alleles found in no other population, were identified using 

GenAlex (version 6.501); two were found only in the Twin/Strawberry populations, one within the Cajon 

Creek populations and two were observed in the City Creek population.  The private “244” allele of Rhos 

5, in City Creek’s population, is represented in nearly 40% of all samples amplified from that region and 

the private “248” allele of the Cajon Creek populations was observed in 15% of the samples amplified.  

As for Rhos 9, eleven alleles have been identified among the Santa Ana Watershed tributaries.  Only one 

private allele was observed in the City Creek population.  The greatest amount of genetic diversity was 

observed in the Twin/Strawberry population once again and the least amount of genetic diversity in 

Cajon Creek, Plunge Creek and Indian Creek (Figure 1).  Further analysis of both of these loci will be 

performed to examine population structure and gene flow. 
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VALUE OF STUDY: 

This study will examine the biogeography of populations through the analysis of microsatellite loci that 

are less variable and more conserved and comparing them to the Owens River, Central Coast and 

Colorado River populations of R. osculus.  The Southern California region has gone through extensive 

geological and climatal changes throughout its history altering the landscape and topography of the 

region including pluvial and arid time intervals (Colburn 2006).  Each of these events could alter the 

evolutionary history of an organism and determine the levels of dispersal as well as gene flow that can 

exist between populations.  Freshwater tributaries within the Santa Ana River Watershed have also 

undergone such events that will lead to the divergence of aquatic populations. R. osculus was once able 

to freely inhabit the free flowing and perennial rivers within the Santa Ana River Watershed but due to 

changes in climate and geology and more recent anthropogenic causes in the last century, their habitat 

became discontinuous and fragmented.  Currently, due to the discontinuous and fragmented habitats of 

R. osculus, the degree of gene flow between population is very limited, if it exists at all (Oakey et al. 

2004; Cornelius 1969).  The information obtained from this study can then be utilized in conservation 

management strategies for the introduction, re-introduction, or translocation of the Santa Ana Speckled 

Dace. 

In addition, this study, in conjunction with the Savannah River Ecology Lab has developed a library of 

microsatellite loci for R. osculus.  Twenty-three polymorphic microsatellite loci have been identified that 

may be useful in our studies of R. osculus populations (Nunziata et al. 2013).  Highly, moderately and low 

variable loci have been examined and tested for their use in both this study and future ones.  Through 

our analysis we hope to gain a better understanding of the molecular evolution, phylogeography, 

population genetics and conservation of the local populations of the Santa Ana Speckled Dace.   



Nerkowski, Stacey 
001246244 

MICROSATELLITE ANALYSIS OF POPULATION STRUCTURE IN THE SANTA ANA  
SPECKLED DACE (Rhinichthys osculus): CONSERVATION AND EVOLUTION 

REFERENCES: 

1. Hubbs CL, Miller RR, Hubbs LC. Hydrographic History and Relict Fishes of the North-Central Great 
Basin. California Academy of Science. 1974;7:1-254. 

2. Colburn IP. The Role of Antecedent Rivers in Shaping the Orange/Los Angeles Coastal Plain. 
Society for Sedimentary Geology. 2006. 

3. Cornelius RH. The systematics and zoogeography of Rhinichthys osculus (Girard) in Southern 
California. Fullerton: California State College; 1969. 

4. Miller RR. Origin and affinities of the freshwater fish fauna of Western North America. 
Zoogeography. 1958 187-222. 

5. Nunziata SO, Lance SL, Jones KL, Nerkowski SA, Metcalf AE. Developement and characterization 
of 23 microsatellite markers for Rhinichthys osculus using paired-end Illumina shotgun 
sequencing. Conservation Genetic Resources. 2013; 5(1):145-148. 

6. Oakey, David D.  Small Fish in a Large Landscape: Diversification of Rhinichthys osculus 
(Cyprinidae) in Western North America. Copeia. 2004;2004(2):207-221. 

7. Scott WB, Crossman EJ. Freshwater Fishes of Canada. Fisheries Research Board of Canada 
Bulletin. 1973;184:966. 

8. Simons, AM, PB Berendzen and RL Mayden. "Molecular Systematics of North American 
phoxinin general (Actinopterygii: Cyprinidae) inferred from mitochondrial 12S and16S 
Ribosomal RNA Sequences. Zoological Journal of the Linnean Society . 2003; 139: 63-80. 

 

 
 

 

 



Nerkowski, Stacey 
001246244 

MICROSATELLITE ANALYSIS OF POPULATION STRUCTURE IN THE SANTA ANA  
SPECKLED DACE (Rhinichthys osculus): CONSERVATION AND EVOLUTION 

 

Table 1:  Microsatellite loci and primer information developed in conjunction with the Savannah River Ecology Lab.  The size (bp) indicates the 
range of observed alleles in base pairs and includes the length of the CAG tag, * indicates CAG tag (5’- CAGTCGGGCGTCATCA-3’) label 
(modified from Nunziata et al. 2013) 

Locus Primer Sequence 5’ --> 3’ Repeat motif Size (bp) 
Rhos1 
 

F: *TTAAATTGTGCCAAATGATGC 
R: AAGACACATTTGTTTGGAAGGC 

AATG 228-236 

Rhos3 F:*TCAGCTAACCAAATATTGCATGG 
R:ACAAACGGGAAGGAGCAGG 

ATCT 268-436 

Rhos5 F:*TGGCATTGAGCGAGGTCC 
R:ACGATATTTAGCTGTCATCATCCG 

ATCT 237-313 

Rhos8 F: *TCGCAAAGATTCACAAACGG 
R: ATCAGCTCACAATGATCCGC 

AAAG 173-281 

Rhos9 F: CGAGAATGACTCAACATTAACC 
R: ATGTTGGCACGTGAAAGCC 

ATCT 145-185 

Rhos10 F:*TTGGACAGCTGTATGAATTGGG 
R:ATTGCAGGACCACCAACACC 

ATCT 
 

305-377 

Rhos14 F: *GGTGCAGCTTTGAGAGGG 
R: CCTATATTAAACTCTATGAGCCATAAATCC 

ATCT 262-322 

Rhos16 F:* TGTTACTAATAATCATGTCCTGAAGAGG 
R: CGCTACTCTGGGTTTGAATGC 

AATG 168-312 

Rhos18 F: *AACTATAACCAGGTGTTACAGTGGG 
R: CGTAGTACAATGTTACACAATAATAGGC 

ATCT 252-360 

Rhos20 F:*GAGGACTGTTTCTATCCCGGC 
R:CTGGAAATCACAAACCAGGG 

ATCT 
 

246-366 

Rhos21 F: *CCTACAATGTTTGTTTGTTTACACG 
R: CTTTGAGGAGATTAACTCTTTCCC 

AAAG 162-246 

Rhos22 F: *CAATGTTTCCAATTCTATAACAAAGG 
R: GAAGACATCAGACATCCAATTTCC 

ATCT 365-413 

Rhos23 F:*TGTGTAAACCAGTAGACTTTCTAATATACC 
R:GACAATGAAACAATGATTACTTACAGC 

ATCT 
 

218-358 
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Rhos25 F: *TGTCAGTATCAGTCTTTCCTTCGC 
R: GAGCCATATGCATGGAGAGC 

AAAG 126-214 

Rhos26 F: *TGGAATATATCCAGTACCAACTTCC 
R: GATGGACATAGAACAATGGATGG 

ATGG 103-163 

Rhos27 F:*AAACTGTAACCTAAATGGGTATTAAAGAGG 
R: GCATGAAACGATGTGAAATAGCC 

ATCT 274-330 

Rhos29 F: *TCTCAAGCTCTTATTCTGATGATCC 
R: GCTTACTGTGCTGTCTGTGGC 

ATCT 204-264 

Rhos31 F: *TCATACTGCCGTCTAGTGGTGG 
R: GTCATCGGGTCAGCAGAGG 

ATCT 173-305 

Rhos33 F:*AGGTGATGCCACACATGACG 
R:TCAAAGAATCTGAGCGTCGG 

ATCT 
 

324-372 

Rhos35 F:*TGTTCAACAGGCCTCAAACC 
R:TCATTACCTTATTAAAGGGACAGTGC 

ATCT 
 

302-354 

Rhos36 F: *TGTTCAACAGGCCTCAAACC 
R: TCCCTTTATACTTTCAGCTGCTCC 

AAAG 144-204 

Rhos42 F: *AAATGAGCAAGTGAGCCAGC 
R: TGATCATTAGGAAGGATACACTGC 

AAAC 140-191 

Rhos43 F: *AGTGGAACATCAGTCACTGCG 
R: TGATGATATGTGCATCAAGCG 

AAC 256-274 
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Figure 1:  Microsatellite allele frequencies for Rhos 5 and Rhos 9 across the tributaries of the Santa Ana River 
Watershed. 

 


