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Tables 

River 

Group 

Standard Site Name 

And Map Number Sample # 

Sampling 

Period 
87

Sr/
86

Sr 

Site 

Average 

River 

Group 

Average 

USK 1. U. Snake  BK-2008-34 Fall 2008 0.708585±12 0.708685±12 0.708685±12 

      (Pittsburg Landing) BK-2009-28 Spring 2009 0.708704±10   

  BK-2009-47 Summer 2009 0.708810±12   

    BK-2009-33 Fall 2009 0.708639±12     

CWS 2. Salmon River BK-2008-35 Fall 2008 0.713765±14 0.713318±14 0.713308±14 

  BK-2009-24 Spring 2009 0.712534±12   

  BK-2009-48 Summer 2009 0.712928±14   

  BK-2009-35 Fall 2009 0.713682±16   

  BK-2009-35* Fall 2009 0.713682±16   

 3. L. Clearwater  BK-2009-41 Summer 2009 0.714726±14 0.713809±14  

 

      (Below North 

Fork) BK-2009-38 Fall 2009 0.713782±14   

 4. L. Clearwater  BK-2008-37 Fall 2008 0.713338±14   

      (Lapwai Creek) BK-2009-25 Spring 2009 0.712713±12   

  BK-2009-46 Summer 2009 0.714723±16   

  BK-2009-30 Fall 2009 0.713570±12   

 5. U. Clearwater  BK-2008-36 Fall 2008 0.712266±14 0.712292±13  

      (Orofino) BK-2009-50 Summer 2009 0.712315±14   

    BK-2009-37 Fall 2009 0.712294±12     

LSK 6. L. Snake  BK-2008-39 Fall 2008 0.709651±12 0.709677±12 0.709699±12 

      (Lewiston) BK-2009-29 Fall 2009 0.709703±12   

 7. L. Snake  BK-2008-38 Fall 2008 0.709746±14 0.709781±12  

      (Chief Timothy) Bk-2009-27 Spring 2009 0.709655±10   

  BK-2009-49 Summer 2009 0.709874±12   



  Bk-2009-31 Fall 2009 0.709849±12   

 

8. Lyons Ferry 

Hatchery BK-2008-44 Fall 2008 0.709659±14 0.709659±14  

 9. L. Snake BK-2008-43 Fall 2008 0.709701±12 0.709576±12  

       (Lyons Ferry) Bk-2009-32 Fall 2009 0.709450±12     

** 10. Palouse BK-2008-41 Fall 2008 0.709684±12 0.709225±12 0.709225±12 

  BK-2009-23 Spring 2009 0.708836±10   

  BK-2009-53 Summer 2009 0.709023±14   

    BK-2009-40 Fall 2009 0.709357±12     

TGI 11. Grand Ronde BK-2008-40 Fall 2008 0.706588±12 0.706488±15 0.70681±13 

  BK-2009-51 Summer 2009 0.706300±20   

  BK-2009-34 Fall 2009 0.706575±12   

 12. Imnaha  BK-2009-36 Fall 2009 0.707136±10 0.707204±12  

      (Cow Creek) BK-2009-36* Fall 2009 0.707137±14   

 

13. Imnaha (Imnaha, 

OR) BK-2009-45 Fall 2009 0.707340±12   

 14. Tucannon BK-2008-42 Fall 2008 0.706845±12 0.706756±14  

  BK-2009-26 Spring 2009 0.706565±12   

  BK-2009-52 Summer 2009 0.706782±16   

    BK-2009-39 Fall 2009 0.706833±14     

Error is expressed as ± 2 SE from the mean, based upon 150-200 TIMS ratios. 

Bold lines enclose sample points which were not significantly different (ANOVA, Tukey’s HSD, =0.05) 

Dotted Lines enclose major reaches 

* Indicates duplicate TIMS analysis. 

** The Palouse River was excluded from final LDFA analysis. 



Summary Statistics 
  

Year 

Sample 

Size 

Mean 

Age 

% 

Female 

% 

Yearling 

Female 

% 

Yearling  

% 

Otolith/Scale 

Agree  

2006 15 4.3 100 67 67 87 

2007 38 3.7 42 63 66 80 

2008 67 4.0 72 60 57 75 

Overall 120 4.0 66 62 



 

Natal Origin

Source River 

Groupings 

Natal Origin 

(%) 

Sub-

Yearling 

Yearling 

(%) 

Juvenile 

Validation 

Samples % Female 

% Yearling 

Female 

Grande Ronde, 

Imnaha, Tucannon 
2 (2) 1 1 (50) 0 100 100 

Clearwater, Salmon 44 (37) 10 34 (77)  1
*
 71 74 

Lower Snake 58 (48) 22 36 (62) 10
*
 55 58 

Upper Snake 16 (13) 12 2 (13)
**

 3
*
 37 100 

Total Sample Size 120 45 71 (61) 14   

**
 Yearling signatures for two fish were unrecoverable and were excluded from yearling analysis. 

*
 indicates successful classification to known source river group. 

†,‡
 indicates groups are significantly different (ANOVA, Tukey’s HSD, =0.05) 

 indicates yearling proportion is significantly different from the rest of the basin (Fishers Exact Test,  =0.05) 



  

Rearing Location 

Source River Groupings 

Rearing 

Location 

(%) 

Sub-

Yearling 

Yearling 

(%) 

Juvenile 

Validation 

Samples 

% 

Female 

% 

Yearling 

Female 

Grande Ronde, Imnaha, 

Tucannon 
1 (1) 1 0  0 0 0 

Clearwater, Salmon 37 (31) 9 28 (76) 1 61 61 

Lower Snake 78 (66)
 

33 45 (58)
**

 6
*
 65 71 

Upper Snake 2 (2) 2 0  0 - - 

Total Sample Size 120 45 73 (62) 7   



  

Overwintering Location 

Source River Groupings 

Overwintering 

Location (%) % Female 

Grande Ronde, Imnaha, 

Tucannon 
0 - 

Clearwater, Salmon 2 (3) 50 

Lower Snake 72 (97) 68 

Upper Snake 0 - 

Total Sample Size 74  
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Natal Source Grouping
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Rearing Location Grouping
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Overwintering Location Grouping
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L. Clearwater Discharge at Peck, ID (cfs)
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Ocean entry Timing ( m from otolith core)
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Determining Salmon Natal Origins Using 

Predictions from Bedrock Geologic 

Diversity and Geochemical Signatures 
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Results 



y = 0.7069197 + 0.0135009(Metamorphic) 0.0011872(log(Mafic))+



y = 0.7069302 + 0.0136641(Metamorphic) 0.0011946(log(Mafic))+





Discussion  
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Tables 

Sample Name n 

Sr 

(ppm) %SE 

Ca 

(ppt) %SE 

Mg 

(ppt) %SE 

K 

(ppm) %SE 

Rb 

(ppm) %SE 

Clearwater  

(Below Dworshak) 2 0.0264 9% 0.0035 7% 0.6496 6% 0.5336 1% 0.7314 14% 

Clearwater 

(Lewiston) 4 0.0259 6% 0.0034 7% 0.7021 9% 0.5101 5% 0.6065 6% 

Clearwater 

(Orofino) 3 0.0376 6% 0.0042 8% 0.8134 10% 0.6096 4% 0.6292 2% 

Grande Ronde 3 0.0856 8% 0.0157 7% 2.9106 7% 2.0245 4% 2.1896 2% 

Imnaha (Cow 

Creek) 1 0.2767 * 0.0236 * 3.4508 * 1.7045 * 1.5970 * 

Imnaha (Imnaha, 

OR) 1 0.4917 * 0.0345 * 3.5408 * 0.9733 * 0.9859 * 

Palouse River 4 0.1412 5% 0.0245 3% 8.0778 4% 2.9241 2% 2.3859 8% 

Salmon River 4 0.1054 2% 0.0148 1% 2.9237 16% 1.0315 7% 0.9367 11% 

Snake  

(Below Lewiston) 4 0.1305 8% 0.0212 8% 6.3873 10% 2.2774 8% 2.4888 7% 

Hells Canyon  

(Pittsburg 

Landing) 4 0.2037 4% 0.0349 4% 12.0129 6% 3.9215 6% 4.2576 4% 

Snake (Lyons 

Ferry) 2 0.1695 4% 0.0268 6% 8.9764 7% 3.0806 4% 3.0470 8% 

Snake  

(Above Lewiston) 2 0.1892 6% 0.0317 5% 10.6649 3% 3.2975 2% 3.5067 2% 



Tucannon 4 0.0439 5% 0.0116 6% 4.2051 6% 2.5988 4% 3.2492 5% 

LOD 0.0010  0.0002  0.0410  0.0206  0.0787  

%CV (internal) 2.35%  1.87%  3.27%  4.59%  2.95%  

%Dev NIST 1640 2.7%  2.3%  7.9%  7.2%  4.4%  



 Rock Type     

Sample Site Carbonates Felsic Mafic 

Meta-

morphic 

Sedimentary

/ Other Water 

Observed 

 

Predicted 

 

Shannon 

Diversity 

Index 

Total Area 

(km
2
) 

Snake River Basin 3.6% 25.7% 30.2% 5.9% 34.0% 0.7% - - 1.37 279062.04 

1. U. Snake  

(Pittsburg Landing) 4.5% 22.0% 32.5% 0.9% 39.3% 0.7% 0.708685 0.708401 1.25 187960.15 

2. Salmon River 3.9% 52.3% 3.6% 19.2% 20.9% 0.1% 0.713048 0.713529 1.23 34692.91 

3. L. Clearwater  0.0% 51.4% 10.1% 33.5% 4.5% 0.5% 0.714254 0.714245 1.08 20541.79 

4. L. Clearwater  0.1% 45.5% 15.2% 30.3% 8.6% 0.4% 0.713586 0.713318 1.23 24074.30 

5. U. Clearwater  0.0% 59.5% 13.1% 24.3% 3.1% 0.0% 0.712292 0.712677 1.03 13733.19 

6. L. Snake  

(Lewiston) 4.2% 25.2% 31.5% 3.6% 35.0% 0.6% 0.709677 0.708797 1.33 238334.22 

 7. L. Snake  

(Chief Timothy) 3.8% 26.9% 30.1% 6.0% 32.7% 0.6% 0.709781 0.709182 1.37 263583.01 

9. L. Snake  

(Lyons Ferry) 3.6% 25.9% 30.3% 5.9% 33.7% 0.6% 0.709576 0.709162 1.37 275645.71 

10. Palouse 0.0% 4.1% 32.7% 5.9% 56.9% 0.4% 0.709225 0.709078 0.99 8434.43 

11. Grand Ronde 0.0% 6.5% 74.2% 0.1% 19.1% 0.2% 0.706488 0.707304 0.72 8901.76 



12. Imnaha  

(Cow Creek) 0.0% 0.5% 72.8% 0.1% 26.5% 0.1% 0.707340 0.707323 0.62 717.96 

13. Imnaha  

(Imnaha, OR) 0.0% 0.7% 88.3% 0.3% 10.7% 0.0% 0.707136 0.707117 0.40 2092.01 

14. Tucannon 0.0% 0.1% 52.0% 0.0% 47.9% 0.0% 0.706756 0.707711 0.70 1294.78 

Big Creek Watershed 0.0% 73.3% 0.0% 26.3% 0.4% 0.0% - - 0.60 1545.06 

Beaver Creek 0.0% 62.3% 0.0% 37.7% 0.0% 0.0% 0.713606 0.712082 0.66 113.68 

Big (downstream of 

Beaver) 0.0% 58.8% 0.0% 39.4% 1.8% 0.0% 0.713726 0.712310 0.75 363.41 

Big (downstream of 

Cabin) 0.0% 72.3% 0.0% 27.2% 0.6% 0.0% 0.714152 0.710641 0.62 1153.80 

Big (downstream of 

Crooked) 0.0% 65.0% 0.0% 33.9% 1.1% 0.0% 0.713875 0.711566 0.70 595.63 

Big (downstream of 

Logan) 0.0% 85.3% 0.0% 11.4% 3.4% 0.0% 0.710600 0.708482 0.50 131.26 

Big (downstream of 

Monumental) 0.0% 69.1% 0.0% 30.2% 0.7% 0.0% 0.713574 0.711054 0.65 920.67 

Big Ramey Creek 0.0% 76.0% 0.0% 24.0% 0.0% 0.0% 0.708361 0.710208 0.55 87.24 

Big (upstream of 

Beaver) 0.0% 57.4% 0.0% 39.9% 2.7% 0.0% 0.714780 0.712388 0.78 248.92 

Big(upstream of 

Cabin) 0.0% 71.7% 0.0% 27.7% 0.6% 0.0% 0.714791 0.710716 0.63 1089.48 

Big (upstream of 

Crooked) 0.0% 59.1% 0.0% 39.6% 1.4% 0.0% 0.714331 0.712341 0.74 493.41 

Big (upstream Rush) 0.0% 72.2% 0.0% 27.3% 0.6% 0.0% 0.714375 0.710659 0.62 1186.56 

Cabin Creek 0.0% 82.7% 0.0% 17.4% 0.0% 0.0% 0.708462 0.709301 0.46 63.97 

Crooked Creek 0.0% 93.4% 0.0% 6.6% 0.0% 0.0% 0.706769 0.707829 0.24 101.99 

Lower Big Creek 0.0% 75.1% 0.0% 24.4% 0.5% 0.0% 0.713762 0.710264 0.58 1432.06 



Logan Creek 0.0% 83.9% 0.0% 15.7% 0.4% 0.0% 0.711463 0.709078 0.46 56.29 

Monumental Creek 0.0% 76.7% 0.0% 23.3% 0.0% 0.0% 0.720223 0.710115 0.54 324.92 

Rush Creek 0.0% 89.8% 0.0% 10.2% 0.0% 0.0% 0.710239 0.708329 0.33 244.92 

Smith Creek 0.0% 37.0% 0.0% 63.0% 0.0% 0.0% 0.717113 0.715540 0.66 52.10 

Upper Big Creek 0.0% 98.4% 0.0% 0.0% 1.6% 0.0% 0.709448 0.706930 0.08 55.74 

Bear Valley Creek 

Watershed 0.0% 67.5% 0.0% 3.9% 28.6% 0.0% - - 0.75 496.16 

Bear Valley Creek #4 0.0% 66.3% 0.0% 4.9% 28.9% 0.0% 0.708239 0.707596 0.78 385.03 

Bear Valley Creek #5 0.0% 67.7% 0.0% 5.0% 27.3% 0.0% 0.708230 0.707612 0.77 376.02 

Bear Valley Creek #6 0.0% 68.2% 0.0% 1.6% 30.2% 0.0% 0.708195 0.707142 0.69 170.71 

Bear Valley Creek #7 0.0% 69.5% 0.0% 0.0% 30.5% 0.0% 0.708204 0.706930 0.61 153.76 

Bearskin Creek  0.0% 70.9% 0.0% 0.0% 29.1% 0.0% 0.708260 0.706930 0.60 45.06 

Cook Creek 0.0% 84.3% 0.0% 8.7% 7.0% 0.0% 0.708015 0.708123 0.54 16.43 

East Fork Elk Creek 0.0% 98.0% 0.0% 0.0% 2.0% 0.0% 0.708349 0.706930 0.10 16.86 

Elk Creek #11 0.0% 66.7% 0.0% 7.5% 25.8% 0.0% 0.708289 0.707955 0.81 186.02 

Elk Creek #13 0.0% 65.9% 0.0% 12.3% 21.7% 0.0% 0.708294 0.708616 0.86 105.03 

Elk Creek #15 0.0% 69.7% 0.0% 0.0% 30.4% 0.0% 0.708263 0.706930 0.61 57.23 

Elk Crekk #16 0.0% 76.5% 0.0% 0.0% 23.5% 0.0% 0.708245 0.706930 0.55 75.52 

Porter Creek  0.0% 27.2% 0.0% 55.1% 17.7% 0.0% 0.708669 0.714454 0.99 19.03 

Lapwai Creek 

Watershed 4.1% 2.7% 64.1% 0.0% 28.9% 0.2% - - 0.87 722.36 

Mission Creek 9.9% 5.7% 84.4% 0.0% 0.0% 0.0% 0.706233 0.707132 0.53 91.15 

Sweetwater Creek 7.8% 0.0% 63.6% 0.0% 28.2% 0.4% 0.706387 0.707472 0.84 214.65 

Tom Beall Creek 0.0% 0.0% 21.9% 0.0% 78.1% 0.0% 0.706657 0.708747 0.53 45.13 

Upper Lapwai Creek 0.0% 16.4% 83.0% 0.0% 0.0% 0.6% 0.706758 0.707152 0.45 73.97 

Upper Sweetwater 

Creek 7.4% 0.0% 56.9% 0.0% 35.5% 0.2% 0.706398 0.707604 0.88 119.03 

Webb Creek 10.4% 0.0% 78.5% 0.0% 10.3% 0.9% 0.706368 0.707220 0.66 77.05 



Carbonates Felsic Mafic  Metamorphic Sedimentary/Other  

carbonate alkali rhyolite 
alkalic volcanic 

rock 
augen gneiss chemical 

dolostone (dolomite) alkali syenite alkaline basalt biotite gneiss coal 

limestone alkali trachyte amphibole schist blueschist evaporite 

marble 
alkalic intrusive 

rock 
amphibolite calc-silicate rock exhalite 

mixed 

clastic/carbonate 
anorthosite basalt calc-silicate schist iron formation 

 aplite diabase cataclasite mixed clastic/coal 

 ash-flow tuff dunite eclogite phosphorite 

 dacite gabbro flaser gneiss alluvial fan 

 diorite gabbroid gneiss alluvial terrace 

 felsic gneiss 
greenschist 

granofels alluvium 

 

felsic 

metavolcanic 

rock 

greenstone granulite andesite 

 
felsic volcanic 

rock 
hawaiite greisen arenite 

 granite hornblendite hornfels argillite 

 granitic gneiss keratophyre 
intermediate 

metavolcanic rock 
arkose 

 granitoid kimberlite meta-argillite beach sand 

 granodiorite mafic gneiss meta-conglomerate bentonite 

 ignimbrite 

mafic 

metavolcanic 

rock 

metamorphic rock bimodal suite 



 lamprophyre 
mafic volcanic 

rock 

metasedimentary 

rock 
biogenic sediment 

 meta-rhyolite meta-basalt metavolcanic rock black shale 

 
metaluminous 

granite 
monzogabbro mica schist calcarenite 

 monzodiorite norite migmatite chert 

 monzonite peridotite mylonite clastic 

 obsidian phonolite paragneiss clay or mud 

 orthogneiss pyroxenite pelitic schist claystone 

 pegmatite quartz gabbro phyllite 
coarse-grained mixed 

clastic 

 
peralkaline 

granite 

quartz 

monzogabbro 
phyllonite colluvium 

 
peraluminous 

granite 
spilite quartz-feldspar schist conglomerate 

 
plutonic rock 

(phaneritic) 

tephrite 

(basinite) 
quartzite coral 

 porphyry tholeite schist debris flow 

 pumice trachybasalt serpentinite delta 

 quartz diorite troctolite skarn (tactite) dune sand 

 quartz latite 
ultramafic 

intrusive rock 
slate eolian 

 
quartz 

monzodiorite 

ultramafitite 

(komatiite) 
tectonic breccia fine-grained mixed clastic 

 quartz monzonite  tectonic melange flood plain 

 quartz syenite  tectonic rock glacial drift 

 rhyodacite  tectonite glacial-marine 

 rhyolite   glaciolacustrine 

 
subaluminous 

granite 
  glassy volcanic rock 

 syenite   gravel 

 tonalite   graywacke 

 trachyte   
intermediate volcanic 

rock 

 trondhjemite   intrusive carbonatite 

 
alkali granite 

(alaskite) 
  lahar 

    lake or marine deposit 

    landslide 

    latite 



    lava flow 

    levee 

    loess 

    mass wasting 

    
medium-grained mixed 

clastic 

    melange 

    mixed clastic/volcanic 

    moraine 

    mud flat 

    mudflow 

    mudstone 

    nepheline syenite 

    novaculite 

    oil shale 

    olistostrome 

    orthoquartzite 

    outwash 

    peat 

    playa 

    pyroclastic 

    residuum 

    sand 

    sand sheet 

    sandstone 

    sedimentary breccia 

    sedimentary rock 

    shale 

    silt 

    siltstone 

    stratified glacial sediment 

    
sub- and supra-glacial 

sediment 

    talus 

 
 

  terrace 

    till 

    trachyandesite 

    tuff 

    unconsolidated 



    vitrophyre 

    volcanic ash 

    
volcanic breccia 

(agglomerate) 

  
 

 volcanic carbonatite 

    volcanic rock (aphanitic) 

    wacke 

    welded tuff 



A difference in AICc
Independent Variables Calculation Method    

ln(Mafic) Felsic Metamorphic 

3D Surface 

Area 

Map 

Area AICc AICc 

AICc 

Weight 

     -147.99 0 0.52 

     -147.01 0.98 0.32 

     -143.41 4.58 0.05 

     -142.81 5.18 0.04 

     -142.64 5.35 0.04 

     -142.37 5.62 0.03 

     -135.23 12.76 0 

     -135 12.99 0 

     -133.87 14.11 0 

     -133.77 14.22 0 

     -132.17 15.82 0 

     -131.31 16.67 0 



 Classification Method 

Natal Source Group 10-rkm 5-rkm 

Water 

Samples 

Tucannon, Grande Ronde, 

Imnaha 2 (1%) 2 (1%) 2 (1%) 

Clearwater/Salmon 53 (40%) 49 (37%) 45 (34%) 

Lower Snake 53 (40%) 60 (45%) 68 (51%) 

Upper Snake 26 (19%) 23 (17%) 19 (14%) 

Total 134 134 134 

Classification Accuracy 

Compared to Water Sample 

Method  

89% 94% 

 



Independent Variables    

ln(Mafic) Felsic Metamorphic AICc AICc 

AICc 

Weight 

   -474.03 0 0.52 

   -472.08 1.96 0.27 

   -467.69 6.34 0.03 

   -431.63 42.40 0 

   -431.16 42.87 0 

   -423.75 50.28 0 



Figures 
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Shannon Diversity of Bedrock Geology
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