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Figure 1. Map of CDFG Spring Kodiak Trawl
Sampling Stations. Samples analyzed from stations
606, 609, 610, 704, 706, 707, 716, 719. Other
stations were excluded as they did not have
enough samples for statistical analysis.

Introduction Results Conclusions

Delta smelt, Hypomesus transpacificus, are threatened with o Number of alleles per locus: A total of 361 alleles were detected among the 16 1. Delta smelt have a high degree of genetic diversity.

extinction due to extreme anthropogenic alterations to their microsatellite loci. The number of alleles per locus ranged from 6 (HtrG118) to 34 (HtrG119) o
. . . . 2. F¢;values indicate that samples from Sacramento Deep Water

ecosystem. They are pelagic planktivorous fish endemic to the upper (Table 1). Shin Ch b | but significant tic di ¢
San Francisco Estuary (SFE), California, USA, a highly urbanized o Allelic richness; Ranged from 4.7 to 29 alleles at each locus. Allelic richness was not P | af‘“teh ‘;“’e °";" u S'g“t' "I::“ ge"g II\(/:I ";erge“ceSIromh
ecosystem affected by the introduction of nonnative species, water significantly different among populations (Table 1). sampies In the lower Sacramento River and iviontezuma Stough.
diversions, contaminants, and the creation of an extensive levee o Mean Hg: 0.815 (ranging from 0.238 to 0.956) for the total population (Table 2). 3. Using prior information on population groupings, Bayesian
system, all considered threats to delta smelt (Moyle 2008; Nichols et o HWE: 4 loci (HtrG103, HtrG104, HtrG116, HtrG126) deviated from HWE (P<0.05; Table 2). analyses using STRUCTURE reveals population differentiation
al. 1986). o Fs; Values: low differentiation, significant between 716 _719 and other two populations consistent with the F¢; analysis. This differentiation is not

Understanding the genetic structure of delta smelt in the SFE is (Table 3). apparent when this analysis does not include the prior
important for directing conservation recommendations to managers. o STRUCTURE: One genetic cluster had highest probability with no prior information (Figure information.
Historically, delta smelt lived in a highly connected delta ecosystem, 2) but genetic structure detected when sampling stations used as prior information (Figure ] . o . ]

. .. 4. Further studies using existing samples from earlier collection

and consequently may have had greater genetic connectivity before 48&5).

years should be conducted to elucidate the temporal
population structure of delta smelt to determine if the
observed divergence is a recent phenomenon due to
anthropogenic fragmentation of the Delta or a consequence of
delta smelt evolution.

the creation of the extensive levee system. The impacts on the o PCA: Indicates one single cluster when geographic information not included (Figure 3).
genetic diversity of delta smelt due to the highly altered system in
which they live has previously been unknown.

To assess the genetic structure of delta smelt, we conducted a
genetic study using sixteen microsatellite DNA markers. We

genetically analyzed 353 individuals collected by the California Analysis without prior group information Analysis with prior group information
Department of Fish & Game in the 2009 Spring Kodiak Trawl Survey,
.« e . . . Table 3. Fst values between sampling stations in the SKT2009 delta smelt
consisting of delta smelt collected from eight unique geographic population (lower diagonal).
sampling locations. W W 606_609_610 704 706 707 716_719 FIS
b o 080 SRl 606_609 610 _ NS * -0.03647
a0 gl e 080 - 704 706_707  ~0.00465 _ * 0.03634
AT R | BTN 1 TN P 040 - 716 719 0.00646 0.0094 _ -0.02563
0.20 '- 00 4 ikl T o (T T T LT T (I AT AN I T | 0 R * Significant (P<0.05) differentiation is indicated with * (upper diagonal). NS = not
o ‘ oo M el ldlL ' significant.
M et h o d S 606_609 610 704 _706_707 716_719 606_609 610 704_706_707 716_719
Figure 2. Bar plot for K = 3 from the software program Structure. Figure 4. Bar plot for K = 3 from the software program Structure
using sampling station as prior population information.
o Samples (n=353) from CDFG 2009 Spring Kodiak Trawl Survey . .
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o Genomic DNA extracted with Qiagen DNeasy Tissue Kit. ST g Evanno, G. Regnaut, S., & J. Goudet. 2005. Detecting the number of clusters of individuals using the software
1 . ” k |f d . h . h | Structure: a simulation study. Molecular Ecology, 14, 2611-2620.
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. . ~ ’ o) el {‘:ﬂ “.’ B ag oy A* o *606_609 Osmeridae family. Molecular Ecology Resources 9(1): 405-408.
LIZ500 internal size standard. 3 LA s P P ar AT Ak ¢ 204 706 707 Goudet J. 2001. FSTAT, a program to estimate and test gene diversities and fixation indices (version 2.9.3). Updated
. ’ S A ., 4. Maed, Ll ‘.“o“»‘;’ o a7e from Goudet (1995), available from http://www.unil.ch/izea/softwares/fstat.html.
O Al |e|eS SCO red Wlth ABI S Genema pper 40 * * i‘ ara R “‘ o, A v Hubisz, M., Falush, D., Stephens, M. & J. Pritchard. 2009. Inferring weak population structure with the assistance of
o Genetic diversity A A e . sample group information. Molecular Ecology Resources 9: 1322-1332.
. Kalinowski, S., Taper, M, & Marshall, T. (2007) Revising how the computer program CERVUS accommodates genotyping
O Number Of alleles per IOCUS (A)r ObserVEd hEterOZngSIty Ll oa A error increases success in paternity assignment. Molecular Ecology 16: 1099-1006.
; : Cluster 1 Cluster 2 Moyle, P.B. 2008. The future of fish in response to large-scale change in the San Francisco Estuary, California.
(Ho) & expected heterozygosity (Hg) were calculated using pmerican Fisheries Society Symposim 64 1 13
Cervus 3.0 (Kalinowski et al. 2007) Coord. 1 Nichols, F., J. Cloern, S. Luoma, & D. Peterson. 1986. The modification of an estuary. Science 231:567-573.
. . . o ) Pritchard J., Stephens M., & Donnelly P. 2000. Inference of population structure using multilocus genotype data.
o Allelic richness (AR) was calculated as a measure of the Figure 3. PCA plot indicating one cluster for the three populations. Figure 5. Triangle plot for K = 3 from the software program Structure using Genetics 155:945-959.
n umber Of 3 I Ieles independent Of sam ple size using FSTAT sampling station as prior population information. Raymond, M. & F..Rousset. 1995. GENE!’OP (version 1.2): population genetics software for exact tests and
( d ) ecumeniscism. Journal of Heredity, 86, 246-249.
2.9.3 (Goudet 2001).
o Tests of Hardy—Weinberg equilibrium (HWE) and linkage
disequilibrium (LD) were conducted using GenePop 3.4
( Raymo nd & Rousset 1995 ) . Table 2. Heterozygosity of delta smelt, including locus name, numbers of individuals genotyped (N), observed heterozygosity
P / ¢ . D[fferentia tion Table 1 Allelic diversity of delta smelt at 16 microsatellite loci, including locus name, number of alleles per locus (N,), (Ho), expected heterozygosity (He), HWE P values (P), and F-statistics within population (Fs).
O opuiation number of individuals genotyped at each locus (N), number of alleles in each population (A), number of private alleles 0 T lati lati lation 2 lation 3
p . . . . (Pr) in each population, and allelic richness* (Ag) for each population. vergK_Ingg(l)Jgatlon ggg UGSSOE?lé ng u7(a)lé|o7no7 P0$1u6a;lfg Ac k n OWI e d g m e n t S
o Population pairwise comparisons of F; were calculated locis N o He P Fi Fo He P Fo Ho he P Fi M Re P Eu
« L . . o . O Il Populati Population 1 Population 2 Population 3 . .
and tested for statistical significance with 10,000 Verjoog (;F:Ta on 6;’;“629'0;10 7;’5“726'0:07 0556:';; HirG103 324 0.843 0.895 0.000* 0.058 0797 0.883 0.013 0.098 0.839 0.898 0.006 0.066 0.898 0.879 0.666 0.022 We thank Brian Mahard ja an d Jordana Henderson for
pe rm utatlons in Arleq U|n 3 1 (Excoffler et al 2005) Locus N, N A As N A Pr Ag N A Pr Ag N A Pr Ag HtrG104 335 0.576 0.579 0.0005* 0.005 0.607 0.578 0.377 -0.050 0.5910.593 0.010 0.002 0.566 0.532 0.094 0.060 |a bo ratO ry SU p po rt a n d Ra n dy BaXte r, J u Iio Ad i b_Sa m i i, E ri n
. . HtrG107 278 0.723 0.785 0.003 0.079 0.8150.832 0.514 0.021 0.700 0.790 0.0017* 0.114 0.747 0.702 0.113 0.061
O Ba esian C/uster anal SIS HtrG103 25 324 25 20 74 22 2 19 143 22 17 107 19 1 19 o« o
y T t t thy b f I t t d b th HirG104 14 335 14 95 89 12 1 8 137 10 1 8.1 109 10 1 86 HtrG109 294 0.891 0.886 0.477 -0.006 0.924 0.883 0.147 -0.047 0.903 0.889 0.796 -0.016 0.884 0.856 0.569 0.032 Gleason and Ke”y Souza for prOVIdIng delta Smelt Samples'
o To es Ilma. e . .e nulm ker 0 popu. a IOTS renresen eh y the G107 21 278 21 20 54 20 1 16 130 19 14 94 15 16 HirG114 341 0.927 0.940 0.966 0014 0.9060.936 0262 0033 09270941 0.366 0015 0.940 0.943 0576 -0.004 The USFWS su PpPoO rted this research th rough a CESU
Samp ed IndIVIdua S ( )’ d BayeSIan c USterlng met Od was HIrG109 20 294 20 14 06 15 15 128 1r 11 04 18 1 15 HtrG115 336 0.940 0.932 0.097 -0.009 0.909 0.923 0.044 0.027 0.965 0.936 0.887 -0.030 0.924 0.935 0.080 -0.012 t 'th UC D : (A t 813327]011)
im I t d : St t 2 3 3 (P t h d t l 2000) HtrG114 29 341 29 21 8 23 2 22 150 26 2 22 106 25 1 22 agreemen Wi aVIS greemen no- .
p emented In ructure Z.o>. ritchard et ai. . HirG115 28 336 28 21 88 23 1 22 141 27 4 17 107 20 20 HtrG116 310 0.639 0.598 0.0024* -0.068 0.718 0.633 0.214 -0.135 0.690 0.624 0.006 -0.106 0.533 0.505 0.302 0.052
o Assumin g admixture and correlated allele freq uencies, 25 HirG116 11 310 11 7.8 71 8 9.2 142 11 2 53 97 6 8.2 HtrG117 302 0.887 0.917 0.281 0.032 0.8810.912 0.426 0.034 0.8560.920 0.111 0.070 0.909 0.932 0.930 -0.026
independent runs assumin g k =1 to 10 were pe rformed HtrG117 22 302 22 16 67 16 1 17 132 20 3 15 103 18 16 HirG118 3350.266 0.277 0.248 0.042 0.1880.238 0.019 0.212 0.3360.300 0.613 -0.118 0.277 0.229 0.040 0.172
with 1 x 10 Markov chain Monte Carlo (MCMC) re petitions :trgiz ; 2?: ; ‘;; j‘; 351 1 5263 1:2 269 , ‘;: 19089 360 1 ‘;3 HtrG119 3180.9340.952 0.140 0019 0.9350.956 0.460 0.022 0.944 0.951 0.489 0.007 0.953 0.918 0.569 0.022
d b 1 : d f 5 : : : f : ' HtrG120 336 0.830 0.823 0.382 -0.009 0.818 0.816 0.700 -0.003 0.856 0.827 0.180 -0.036 0.824 0.807 0.369 0.021
and a burn-in period of 5 x 10° using no prior information HrG120 21 336 21 16 88 19 1 14 139 18 1 14 109 17 15
a3 nd then aga | n Wlth prior popu |at|0n |nformat|0n (H u blSZ HirG126 33 312 33 24 71 26 2 % 135 30 3 922 106 25 1 925 HtrG126 312 0.859 0.948 0.000* 0.094 0.859 0.948 0.0008* 0.094 0.874 0.950 0.0003* 0.080 0.945 0.840 0.028 0.112 f h ° f °
et aI 2009) HtrG127 33 341 33 26 89 27 28 144 32 1 28 108 31 1 28 HtrG127 341 0.9330.960 0.937 0.029 0.9330.959 0.400 0.028 0.9720.960 0.962 -0.012 0.960 0.880 0.092 0.084 FO r u rt e r I n O rI l Iat I 0 n
) .' i HtrG128 21 307 21 17 65 18 16 139 20 1 16 103 19 1 16 HtrG128 307 0.902 0.889 0.703 -0.015 0.939 0.908 0.911 -0.033 0.921 0.886 0.305 -0.040 0.883 0.854 0.531 0.032 . . . .
o To determine the most likely value for k, the steepest HG129 14 266 14 10 53 10 10 128 14 4 65 8 7 8.8 G120 2660733 0706 0273 0039 07360717 0782 0027 07340710 0204 0035 0.695 0729 0752 -0.050 Please contact kmfISCh@UCdCIVIS. edu. More information
increase of the probability of k was measured by plotting :trGlgl » 8 ij s ij e iz o ij HtrG131 340 0.956 0.948 0.560 -0.008 0.989 0.948 0575 -0.043 0.9400.951 0.122 0012 09450952 0.094 -0.008 on this and related projects can be obtained at
- .. verage
Average 0.802 0.815 0.015 0.8100.817 0.389 0.014 0.816 0.820 0.361 -0.002 0.8050.781 0.363 0.036 . .
I’Ee prObab|||lty28'fO;r)1e data [P(D)] and the ad hOC StatIStIC Ak *Ar based on min sample size of 53 diploid individuals *Statistically significant at P<0.05 http//Wwwqenome'/ab UCdCIVISEdU
vanno et al. :
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