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Background 

Juvenile Chinook and 
other salmon found to be 
rearing in pocket estuaries 
around Whidbey Basin 

(Beamer et al. 2005)  



Pilot Study 2009-2010 

• Hypothesis – Juvenile Chinook are present 
in small streams draining into the Whidbey 
Basin 

 
– What size? 

– How far upstream? 

– How long do they stay? 

– What other species? 

 

Chinook found in  16 of 18  
streams sampled 

 

Other Species Caught 
• Coho 
• Chum 
• Cutthroat 
• Rainbow Trout 
• Pink 
• Sculpin 
• Three-Spine Stickleback 
• Peamouth 
• Starry Flounder 



Questions from Pilot Study 

• How wide spread is juvenile Chinook and 
other salmon use of small coastal streams? 
 

• Are there physical stream characteristic that 
can be used to predict juvenile salmon 
presence? 

  

• What condition are coastal streams in? 

 

• How do we protect, manage, and restore 
coastal streams? 



Study: Predictive Modeling and Protection of 
Coastal Salmon Streams in WRIA 6 

Project Area 

2011 Secured Grant to Fund further 
stream sampling and work 
 
Grant from Washington Department of Ecology 
Watershed Protection and Restoration National 
Estuary Program (NEP) Puget Sound Projects 



Data Source 

Drainage 

Outfalls 

Confirmed 

Drainage 

Outfalls 

Not 

Present 

Drainage 

Outfalls 

Presence  

Undetermined  

Arc Hydro Modeled with 100 acre 

watershed 
23 27 4 

Island County 5 6   

PSNERP Puget Sound Change 

Analysis 
120 38 31 

Tulalip Tribes  9     

Skagit River System Cooperative 4 3 2 

Snohomish County 3     

City of Edmonds 1     

Where are the streams? Stream Census 



Stream Habitat Surveys 

Site ID Reach #
Unit 

Type

Reach Unit 

Length 

(meters)

Average 

Reach 

Gradient %

Average 

Max Depths  

(meters)

Average Reach 

Wetted Width  

(meters)

Average Reach 

Bankful Width  

(meters)

BRBA07 1 Intertidal 1.5% 2.02

BRBA07 2 Stream 15 1.5% 0.70 3.80 4.60

BRBA07 3 CUL 12.4

BRBA07 4 Stream 43 3.6% 2.07 3.30

BRBA07 5 Stream 24.9 6.0% 1.28 3.36

BRBA07 6 Stream 69.9 1.4% 0.49 1.94 3.48

BRBA07 7 CUL 22 7.0%

BRBA07 8 Stream 37.2 9.5% 2.64 4.08



Stream Sampling 

1 Pass Electrofishing 
Up to 200 m or to fish barrier 

- ID to Species 

- Salmon Lengths 

- Count all species 

- Chinook DNA  



Stream 
Sampling 

• 63 Streams 
Sampled 
 

• 61 Habitat Surveys 
 

• Sampled intertidal 
and stream channel 

 
 



Fish Barriers? 
 

Culverts at Stream 
Mouths 



Stream Sampling 
Results 

• 63 Streams Sampled 
 

• 61 Habitat Surveys 
 

• Sampled intertidal and 
stream channel 

Salmonid Species 

Number of streams 

Present Not found 

Chinook salmon 32 31 

Steelhead trout 9 54 

Coho salmon 31 32 

Cutthroat trout 23 40 

Chum salmon 23 40 

Pink salmon 2 61 





SSv1
Standardise Samples by Total

Transform: Square root

Resemblance: S17 Bray Curtis similarity
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Stream Sampling Results 



R=0.28 
 
P=0.002 
 

MDS: Salmonids 2010 
(1 point = 1 month) 

Warm Beach South 

Glendale Creek 



Chinook Abundance in Different Streams 
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Chinook Residence Times 
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Chinook Growth Rates 



Number of 
observations 

Starting 
location 

Ending 
location 

Between starting and 
ending location 

Time Distance 

  
Movement pattern 1: stream to lagoon within same pocket estuary system 

Five different 
fish 

Lone Tree Cr Lone Tree 
Lagoon 

22-64 days 0.2 km 

  
Movement pattern 2: stream to different pocket estuary system 

One fish Lone Tree Cr Kiket Lagoon 56 days 5.1 km 

  
Movement pattern 3: stream to nearshore 

Three different 
fish 

Lone Tree Cr Turners Spit N 50-91 days 8.1 km 

One fish Lone Tree Cr Hoypus Pt E 168 days 5.9 km 

One fish Lone Tree Cr Random 
South 82 

100 days 19.4 km 



Origin of Chinook Found in Small Streams from DNA Analysis 



Relationship between 
watershed area (top 
panel) or channel slope 
(bottom panel) and 
juvenile Chinook 
salmon presence rate 



The relationship between 
distance to nearest river 
mouth and juvenile 
Chinook salmon presence 
rate (top panel) or juvenile 
Chinook salmon 
abundance (bottom panel)  





LiDAR Dem FlowAcc FlowDir 

Burn 

Hydrography Layer Culverts 

Verify Hydrography 

Line Segment generation (150ft) 

Line Segment Sequencing 

Stream Points 
Water Area Raster 

Natal River Points Path Distance Calc DIST 
Distance to Nearest 

River Mouth (kilometers) 

SL 
Average Reach  
Stream Slope  
(% gradient) 

WA 
Watershed Area 

 (Ha) 

DEM Conditioning 

Extract Distance 
values 

Conditioned DEM Modeled Hydro Line 

Field Verification 

Conditioned DEM 

Stream Points 

Slope analysis  
(= Seg end elev -Seg start elev/Seg distance) 

Distance Raster 

Raster to Line 

Sequenced 150ft segments  
Stream Line 

Define 
Watershed 

Convert to 
Polygon 

Calculate 
Watershed Area 

Data 

Analysi
s 

Output 

Model Variable 

Predictive Chinook Model (Beamer et al. 2013) 
Log transformed Chinook rate = (-.00865*DIST)+(.000142*WA)+(-.4023*SL)+0.20033 
 
• DIST is distance to nearest river mouth (in kilometers) from stream 
• WA is the watershed area (in hectares) of stream 
• SL is the average channel slope(%) of the stream reach 

Key 



Model Run for 
Project Area 

Stream 

Outfall ID

Log transformed 

Chinook 

Presence Rate 

Chinook 

Presence 

Probability

Stream 

Outfall ID

Log transformed 

Chinook 

Presence Rate 

Chinook 

Presence 

Probability

Stream 

Outfall ID

Log transformed 

Chinook 

Presence Rate 

Chinook 

Presence 

Probability

Stream 

Outfall ID

Log transformed 

Chinook 

Presence Rate 

Chinook 

Presence 

Probability

ADBA01 -446.7046399 9.9687E-195 DUBA01 -69.88609204 4.45508E-31 PECO06 -228.453049 6.0828E-100 SAPA27 -108.5692166 7.06299E-48

ADBA08 -451.2642775 1.0433E-196 DUBA02 -68.06513494 2.75225E-30 PECO07 -182.3577974 6.35353E-80 SAPA28 -148.9022703 2.15063E-65

ADBA12 -401.7754837 3.2443E-175 DUBA04 -72.59224772 2.97569E-32 POSO01 -16.29374836 8.38909E-08 SAPA29 -158.7637061 1.1215E-69

ADBA13 -401.7871423 3.2067E-175 EAWH01 -105.8834201 1.03613E-46 POSO02 -66.98443701 8.11015E-30 SAPA31 -176.8569445 1.55598E-77

ADBA14 -400.1895747 1.5844E-174 EAWH02 -107.2309775 2.69264E-47 POSO04 -67.00977868 7.9072E-30 SAPA32 -177.2387894 1.06212E-77

ADBA15 -397.129205 3.3805E-173 EAWH03 -109.6406581 2.41917E-48 POSO04A -67.01816116 7.8412E-30 SAPA34 -224.5688828 2.95783E-98

ADBA16 -396.2945354 7.7888E-173 EAWH04 -109.0530016 4.35395E-48 POSO05 -75.80608094 1.19629E-33 SAPA36 -212.4201707 5.58589E-93

BOBA01 -142.5072214 1.28795E-62 EAWH05 -109.6622685 2.36746E-48 POSO06 -76.28799375 7.38831E-34 SAPA37 -169.7433952 1.91153E-74

BRBA00 -92.36972766 7.66191E-41 EAWH06 -109.0486216 4.37306E-48 POSO07 -75.78975272 1.21599E-33 SIBA01 -109.2011498 3.75442E-48

BRBA01 -122.0729611 9.64687E-54 EAWH07 -109.0470206 4.38007E-48 POSO08 -76.27906248 7.4546E-34 SIBA03 -118.3256193 4.09107E-52

BRBA01A -122.0823917 9.55633E-54 EAWH09 -108.0938027 1.13621E-47 POSO09 -76.2471571 7.69627E-34 SIBA04 -124.2679381 1.07429E-54

BRBA02 -122.0757114 9.62038E-54 EAWH10 -110.0980388 1.53119E-48 POSO10 -92.37162517 7.64738E-41 SIBA05 -130.8815611 1.44165E-57

BRBA03 -132.0123941 4.65314E-58 EAWH11 -110.1181534 1.5007E-48 POSO11 -92.31596532 8.08511E-41 SIBA07 -78.35474642 9.35332E-35

BRBA04 -153.4782177 2.2144E-67 EAWH12 -110.1314647 1.48086E-48 POSO12 -92.37667063 7.6089E-41 SIBA10 -59.08947339 2.17655E-26

BRBA05 -153.460689 2.25356E-67 ELBA00 -210.8106569 2.79315E-92 PTSU01 -68.89980938 1.19452E-30 SKBA02 -52.15927522 2.22595E-23

BRBA06 -153.476892 2.21734E-67 ELBA07 -119.6937211 1.04154E-52 PTSU02 -70.65464851 2.06574E-31 SKBA03 -50.87669333 8.02662E-23

BRBA07 -186.559127 9.51482E-82 ELBA09 -119.7059072 1.02893E-52 PTSU03 -73.05171273 1.87951E-32 SKBA04 -52.16322309 2.21718E-23

BRBA08 -186.5835492 9.28526E-82 ELBA10 -119.6392037 1.0999E-52 PTSU04 -75.49030508 1.6405E-33 SKBA06 -50.87729902 8.02176E-23

BRBA09 -191.9981687 4.1329E-84 HALA01 -167.9852199 1.10904E-73 PTSU05 -72.5878682 2.98875E-32 SKBA08 -44.16602957 6.59078E-20

BRBA10 -203.9903843 2.55919E-89 HMBA01 -253.412904 8.7938E-111 PTSU07 -89.20360338 1.81705E-39 SKBA09 -44.89847525 3.1684E-20

BRBA11 -206.3518026 2.41296E-90 HMBA04 -275.066054 3.47E-120 PTSU12 -23.22214413 8.21771E-11 SKBA10 -63.186924 3.61633E-28

BRBA12 -211.800851 1.03767E-92 HMBA05 -306.3974122 8.5762E-134 PTSU13 -30.80698145 4.1754E-14 SKBA12 -95.46888757 3.45453E-42

BRBA13 -236.1145244 2.8626E-103 HMBA07 -260.1973904 9.9474E-114 PTSU14 -60.45437936 5.559E-27 SKBA13 -95.47259467 3.44175E-42

BRBA14 -236.1109506 2.8729E-103 HMBA09 -252.5051542 2.1797E-110 PTSU15 -60.52532616 5.17827E-27 SKBA14 -72.18247374 4.48281E-32

BRBA15 -236.0528715 3.0447E-103 HMBA10 -252.4876864 2.2182E-110 PTSU16 -60.51955433 5.20825E-27 SKBA15 -72.17616289 4.51119E-32

BRBA16 -261.2190939 3.5809E-114 HMBA11 -252.4987002 2.1939E-110 PTSU20 -104.5552131 3.91064E-46 SKBA16 -72.16947621 4.54145E-32

BRBA17 -274.5470023 5.8311E-120 HMBA12 -252.4918165 2.209E-110 SAPA01 -169.883075 1.66233E-74 SKBA18 -28.46491647 4.34354E-13

BRBA18 -138.4749973 7.26228E-61 LIBA01 -27.5612287 1.07229E-12 SAPA02 -186.1683359 1.40643E-81 SKBA19 -6.047473848 0.002358251

BRBA19 -210.0789692 5.80581E-92 LIBA02 -39.38244999 7.87806E-18 SAPA03 -202.5116553 1.12281E-88 SKBA20 -4.527763217 0.010689321

COBA01 -120.7689745 3.55386E-53 LIBA03 -39.45033388 7.36101E-18 SAPA04 -221.2211774 8.41131E-97 SWCH01 -70.98324082 1.4872E-31

COBA02 -120.7853493 3.49614E-53 LIBA04 -31.06071724 3.23968E-14 SAPA05 -242.0228044 7.7773E-106 SWCH03 -86.08576942 4.10606E-38

COBA03 -116.9891109 1.55695E-51 LIBA05 -39.46153907 7.27899E-18 SAPA07 -219.7453563 3.67963E-96 TRCO01 -63.3378837 3.10961E-28

COBA04 -120.7747831 3.53328E-53 MUBA01 -364.7909614 3.7437E-159 SAPA10 -193.7141852 7.43016E-85 TRCO02 -71.98432867 5.46516E-32

COBA05 -116.974371 1.58007E-51 MUBA02 -339.7180857 2.8994E-148 SAPA11 -181.066431 2.31126E-79 TUBA02 -70.26298521 3.05614E-31

CUBA01 -204.9352533 9.94833E-90 MUBA04 -328.8179675 1.571E-143 SAPA14 -163.1841598 1.34902E-71 TUBA03 -70.53032293 2.33921E-31

CUBA02 -183.9754373 1.26033E-80 MUBA05 -322.2176016 1.1552E-140 SAPA15 -155.4946678 2.94797E-68 TUBA04 -70.81985379 1.75117E-31

CUBA03 -195.7732978 9.47844E-86 OAHA04 -154.2581841 1.01513E-67 SAPA18 -146.060201 3.68859E-64 TUBA05 -22.71179986 1.36896E-10

CUBA04 -192.9288146 1.6296E-84 OAHA05 -158.4371058 1.55467E-69 SAPA19 -144.8014268 1.29879E-63 USBA05 -284.4982912 2.7795E-124

CUBA07 -126.2365529 1.50024E-55 OAHA07 -178.9073925 2.0022E-78 SAPA20 -129.9725847 3.57786E-57 USBA07 -264.7277568 1.072E-115

DASL01 -17.08615776 3.79818E-08 OAHA08 -170.5736397 8.33316E-75 SAPA21 -129.9576598 3.63166E-57 USBA08 -233.3934787 4.3501E-102

DASL02 -2.512567505 0.074981834 PECO02 -198.8518013 4.36275E-87 SAPA22 -129.9694902 3.58895E-57 WEWH02 -172.3948828 1.34851E-75

DASL03 -2.512567505 0.074981834 PECO03 -201.5464256 2.94781E-88 SAPA24 -108.6567125 6.47127E-48 WEWH04 -253.0426422 1.2734E-110

DASL04 -2.512567505 0.074981834 PECO04 -217.9445011 2.22795E-95 SAPA25 -95.41648027 3.6404E-42 WEWH10 -394.5415899 4.4954E-172

DASL07 -2.512567505 0.074981834 PECO05 -235.3932509 5.8886E-103 SAPA26 -95.47743613 3.42512E-42



Cutthroat predictive model Coho predictive model 



Model Run for Project Area 

• Model results are log transformed and were 
converted to probability presence  
 

Problems 
• Probabilities are really small and do not match 

actual sampling rates 
 

• Culverts resulted in a lot of zeros for streams so not 
is much strength in the data 
 

• Only 3 sampling events for each stream so harder to 
get strong relationships. 
 



WRIA 6 Watershed 
Characterization 

Goals 
• Identify actual watershed with 

confirmed surface water runoff 
 

• Inventory existing conditions to 
assess watershed health and 
status 
 

• Assess and Prioritize Watersheds 



WRIA 6 Watershed Characterization 

• Used stream census to 
generate watersheds 

 

• Island Co provided 
data layers for 
watershed Inventory 

 

• A land cover analysis 
was generated for 
Island Co 





Watershed 
Prioritization 

• Compare Chinook 
model to current 
impacts 

 



Watershed 
Prioritization 

• Identify Salmon 
Recovery 
Strategies 

 



Questions? 
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