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An Early Report on Salmon Carcasses 

“This river is remarkably Clear and Crouded with Salmon in 
maney places, I observe in assending great numbers of 
Salmon dead on the shores, floating on the water and in the 
Bottom which can be seen at the debth of 20 feet. the cause 
of the emence numbers of dead salmon I can't account for 
So it is I must have seen 3 or 400 dead and maney living...”

William Clark, journal entry for 18 October 1805



Salmon (genus Oncorhynchus)

Name Juvenile time in 
freshwater (yrs)

Breed

common taxonomic

Chinook O. tshawytcha <1 and >1 once

Chum O. keta <1 once

Coho O. kisutch >1 once

Pink O. gorbuscha <1 once

Sockeye/Kokanee O. nerka >1 once

Cutthroat O. clarki >1 multiple

Rainbow/Steelhead O. mykiss >1 multiple



Cederholm, et al.:

"As the decline of wild salmon continues throughout the 
Pacific Northwest, it is logical to assume that the productivity 
of some freshwater and terrestrial ecosystems will also 
decline. Decreased production could be self-perpetuating, as 
salmon stocks already in decline are likely to decrease further 
in a negative feedback loop."
Pacific Salmon and Wildlife, 2000, p 68



Cederholm, et al.:

Recent calculations by Gresh et al. indicate that 
only three percent of the marine-derived biomass 
once delivered by anadromous salmon to the 
rivers of Puget Sound, the Washington Coast, 
Columbia River, and the Oregon Coast is 
currently reaching those streams.

Pacific Salmon and Wildlife, 2000, p iv



First Concern

The MDN or marine nutrient pump model has 
focused on the upstream movement of nutrients 
(N, P and calories, plus?) to the almost complete 
exclusion of all other nutrient fluxes:



Adult Salmon Migration



Adult & Juvenile Salmon



Hypothetical Example
(>1 year in freshwater)

STAGE NUMBER SIZE each TOTAL WEIGHT

Adults 2 5 kg 10 kg
Eggs 5000 0.5 g 2.5 kg
Fry 1000 0.4 g 0.4 kg

Smolts 200 50 g 10 kg

80% loss from egg to fry and 80% loss from fry to smolt for a 
survival from egg to smolt of 4% but the mass of smolts is the 
same as the adults



Hypothetical Example
(<1 year in freshwater)

STAGE NUMBER SIZE each TOTAL WEIGHT

Adults 2 5 kg 10 kg
Eggs 5000 0.5 g 2.5 kg
Fry 1000 0.4 g 0.4 kg

Smolts 750 5 g 3.75 kg

80% loss from egg to fry and 25% loss from fry to smolt for a 
survival from egg to smolt of 60% but the mass of smolts is a 
significant fraction of the adult mass 



Mixing of Nitrogen Isotopes

Measurements of Nitrogen isotopic compositions of 
stream reaches supplemented by salmon carcasses 
and reaches without supplementation show a pattern 
consistent with mixing of marine and terrestrial 
nitrogen.

This is not the same as demonstrating that salmon 
account for a net addition of nutrients to the 
freshwater system.  



Mixing Is Not Proof of Addition



Comparison of Models

MDN Net Nutrient Transport



Fluxes To Be Considered
Natural



Fluxes
Including Anthropogenic Impacts



Nutrient Fluxes

near the mouth of the Columbia River

Origin Phosphorus Flux (million kg/yr)

Watershed 2.0
Spawning salmon 0.6

Modern 3.4



Nutrient Loadings

Nutrient loadings can be reported different 
ways:

 kg N/sq meter of stream bed
 kg N/kilometer of stream 
 g N/juvenile 
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Nutrient Inputs

Watershed Contribution


JUVENUTR

		nutrients per fish model

		baseline nutrients:						1000		units/yr		nutrients per adult						5		units/adult

		juveniles per adult						1000				conflict coeff						1

		Adults		Nutrients (units/yr)						Juve(M)		Nutr/JM		Nall/JM		Nadult/JM		J*		N/J*		J*/adult		N bkg/J

				bkg		adult		total

		1		1000		5		1005		1000		1.005		1		0.005		999		1.006006006		999		1

		11		1000		55		1055		11000		0.0959090909		0.0909090909		0.005		10879		0.096975825		989		0.0909090909

		21		1000		105		1105		21000		0.0526190476		0.0476190476		0.005		20559		0.0537477504		979		0.0476190476

		31		1000		155		1155		31000		0.0372580645		0.0322580645		0.005		30039		0.038450015		969		0.0322580645

		41		1000		205		1205		41000		0.0293902439		0.0243902439		0.005		39319		0.0306467611		959		0.0243902439

		51		1000		255		1255		51000		0.0246078431		0.0196078431		0.005		48399		0.0259302878		949		0.0196078431

		61		1000		305		1305		61000		0.0213934426		0.0163934426		0.005		57279		0.022783219		939		0.0163934426

		71		1000		355		1355		71000		0.019084507		0.014084507		0.005		65959		0.0205430646		929		0.014084507

		81		1000		405		1405		81000		0.017345679		0.012345679		0.005		74439		0.0188745147		919		0.012345679

		91		1000		455		1455		91000		0.015989011		0.010989011		0.005		82719		0.0175896711		909		0.010989011

		101		1000		505		1505		101000		0.0149009901		0.0099009901		0.005		90799		0.0165750724		899		0.0099009901

		111		1000		555		1555		111000		0.014009009		0.009009009		0.005		98679		0.0157581654		889		0.009009009

		121		1000		605		1605		121000		0.0132644628		0.0082644628		0.005		106359		0.0150904014		879		0.0082644628

		131		1000		655		1655		131000		0.0126335878		0.0076335878		0.005		113839		0.0145380757		869		0.0076335878

		141		1000		705		1705		141000		0.0120921986		0.0070921986		0.005		121119		0.0140770647		859		0.0070921986

		151		1000		755		1755		151000		0.0116225166		0.0066225166		0.005		128199		0.0136896544		849		0.0066225166

		161		1000		805		1805		161000		0.0112111801		0.0062111801		0.005		135079		0.0133625508		839		0.0062111801

		171		1000		855		1855		171000		0.0108479532		0.0058479532		0.005		141759		0.0130855889		829		0.0058479532

		181		1000		905		1905		181000		0.0105248619		0.0055248619		0.005		148239		0.0128508692		819		0.0055248619

		191		1000		955		1955		191000		0.0102356021		0.0052356021		0.005		154519		0.0126521658		809		0.0052356021

		201		1000		1005		2005		201000		0.0099751244		0.0049751244		0.005		160599		0.0124845111		799		0.0049751244

		211		1000		1055		2055		211000		0.0097393365		0.0047393365		0.005		166479		0.0123438992		789		0.0047393365

		221		1000		1105		2105		221000		0.0095248869		0.0045248869		0.005		172159		0.0122270692		779		0.0045248869

		231		1000		1155		2155		231000		0.0093290043		0.0043290043		0.005		177639		0.012131345		769		0.0043290043

		241		1000		1205		2205		241000		0.0091493776		0.0041493776		0.005		182919		0.0120545159		759		0.0041493776

		251		1000		1255		2255		251000		0.0089840637		0.0039840637		0.005		187999		0.0119947447		749		0.0039840637

		261		1000		1305		2305		261000		0.0088314176		0.0038314176		0.005		192879		0.0119504975		739		0.0038314176

		271		1000		1355		2355		271000		0.0086900369		0.0036900369		0.005		197559		0.0119204896		729		0.0036900369

		281		1000		1405		2405		281000		0.0085587189		0.0035587189		0.005		202039		0.0119036424		719		0.0035587189

		291		1000		1455		2455		291000		0.0084364261		0.0034364261		0.005		206319		0.0118990495		709		0.0034364261

		301		1000		1505		2505		301000		0.0083222591		0.0033222591		0.005		210399		0.0119059501		699		0.0033222591

		311		1000		1555		2555		311000		0.0082154341		0.0032154341		0.005		214279		0.0119237069		689		0.0032154341

		321		1000		1605		2605		321000		0.0081152648		0.0031152648		0.005		217959		0.0119517891		679		0.0031152648

		331		1000		1655		2655		331000		0.008021148		0.003021148		0.005		221439		0.0119897579		669		0.003021148

		341		1000		1705		2705		341000		0.0079325513		0.0029325513		0.005		224719		0.0120372554		659		0.0029325513

		351		1000		1755		2755		351000		0.0078490028		0.0028490028		0.005		227799		0.0120939951		649		0.0028490028

		361		1000		1805		2805		361000		0.0077700831		0.0027700831		0.005		230679		0.0121597545		639		0.0027700831

		371		1000		1855		2855		371000		0.0076954178		0.0026954178		0.005		233359		0.0122343685		629		0.0026954178

		381		1000		1905		2905		381000		0.0076246719		0.0026246719		0.005		235839		0.0123177252		619		0.0026246719

		391		1000		1955		2955		391000		0.0075575448		0.0025575448		0.005		238119		0.0124097615		609		0.0025575448

		401		1000		2005		3005		401000		0.0074937656		0.0024937656		0.005		240199		0.0125104601		599		0.0024937656

		411		1000		2055		3055		411000		0.00743309		0.00243309		0.005		242079		0.0126198472		589		0.00243309

		421		1000		2105		3105		421000		0.0073752969		0.0023752969		0.005		243759		0.0127379912		579		0.0023752969

		431		1000		2155		3155		431000		0.0073201856		0.0023201856		0.005		245239		0.0128650011		569		0.0023201856

		441		1000		2205		3205		441000		0.0072675737		0.0022675737		0.005		246519		0.0130010263		559		0.0022675737

		451		1000		2255		3255		451000		0.0072172949		0.0022172949		0.005		247599		0.0131462566		549		0.0022172949

		461		1000		2305		3305		461000		0.0071691974		0.0021691974		0.005		248479		0.0133009228		539		0.0021691974

		471		1000		2355		3355		471000		0.0071231423		0.0021231423		0.005		249159		0.0134652973		529		0.0021231423

		481		1000		2405		3405		481000		0.0070790021		0.0020790021		0.005		249639		0.0136396957		519		0.0020790021

		491		1000		2455		3455		491000		0.0070366599		0.0020366599		0.005		249919		0.0138244791		509		0.0020366599

		501		1000		2505		3505		501000		0.006996008		0.001996008		0.005		249999		0.0140200561		499		0.001996008

		511		1000		2555		3555		511000		0.0069569472		0.0019569472		0.005		249879		0.0142268858		489		0.0019569472

		521		1000		2605		3605		521000		0.0069193858		0.0019193858		0.005		249559		0.0144454818		479		0.0019193858

		531		1000		2655		3655		531000		0.0068832392		0.0018832392		0.005		249039		0.0146764161		469		0.0018832392

		541		1000		2705		3705		541000		0.0068484288		0.0018484288		0.005		248319		0.0149203243		459		0.0018484288

		551		1000		2755		3755		551000		0.006814882		0.001814882		0.005		247399		0.015177911		449		0.001814882

		561		1000		2805		3805		561000		0.0067825312		0.0017825312		0.005		246279		0.0154499572		439		0.0017825312

		571		1000		2855		3855		571000		0.0067513135		0.0017513135		0.005		244959		0.0157373275		429		0.0017513135

		581		1000		2905		3905		581000		0.0067211704		0.0017211704		0.005		243439		0.0160409795		419		0.0017211704

		591		1000		2955		3955		591000		0.0066920474		0.0016920474		0.005		241719		0.016361974		409		0.0016920474

		601		1000		3005		4005		601000		0.0066638935		0.0016638935		0.005		239799		0.0167014875		399		0.0016638935

		611		1000		3055		4055		611000		0.0066366612		0.0016366612		0.005		237679		0.0170608257		389		0.0016366612

		621		1000		3105		4105		621000		0.006610306		0.001610306		0.005		235359		0.0174414405		379		0.001610306

		631		1000		3155		4155		631000		0.0065847861		0.0015847861		0.005		232839		0.0178449487		369		0.0015847861

		641		1000		3205		4205		641000		0.0065600624		0.0015600624		0.005		230119		0.0182731543		359		0.0015600624

		651		1000		3255		4255		651000		0.0065360983		0.0015360983		0.005		227199		0.0187280754		349		0.0015360983

		661		1000		3305		4305		661000		0.0065128593		0.0015128593		0.005		224079		0.0192119743		339		0.0015128593

		671		1000		3355		4355		671000		0.006490313		0.001490313		0.005		220759		0.019727395		329		0.001490313

		681		1000		3405		4405		681000		0.0064684288		0.0014684288		0.005		217239		0.0202772062		319		0.0014684288

		691		1000		3455		4455		691000		0.006447178		0.001447178		0.005		213519		0.0208646537		309		0.001447178

		701		1000		3505		4505		701000		0.0064265335		0.0014265335		0.005		209599		0.0214934232		299		0.0014265335

		711		1000		3555		4555		711000		0.0064064698		0.0014064698		0.005		205479		0.0221677154		289		0.0014064698

		721		1000		3605		4605		721000		0.0063869626		0.0013869626		0.005		201159		0.0228923389		279		0.0013869626

		731		1000		3655		4655		731000		0.0063679891		0.0013679891		0.005		196639		0.0236728218		269		0.0013679891

		741		1000		3705		4705		741000		0.0063495277		0.0013495277		0.005		191919		0.0245155508		259		0.0013495277

		751		1000		3755		4755		751000		0.0063315579		0.0013315579		0.005		186999		0.0254279435		249		0.0013315579

		761		1000		3805		4805		761000		0.0063140604		0.0013140604		0.005		181879		0.026418663		239		0.0013140604

		771		1000		3855		4855		771000		0.0062970169		0.0012970169		0.005		176559		0.0274978902		229		0.0012970169

		781		1000		3905		4905		781000		0.0062804097		0.0012804097		0.005		171039		0.02867767		219		0.0012804097

		791		1000		3955		4955		791000		0.0062642225		0.0012642225		0.005		165319		0.0299723565		209		0.0012642225

		801		1000		4005		5005		801000		0.0062484395		0.0012484395		0.005		159399		0.0313991932		199		0.0012484395

		811		1000		4055		5055		811000		0.0062330456		0.0012330456		0.005		153279		0.0329790774		189		0.0012330456

		821		1000		4105		5105		821000		0.0062180268		0.0012180268		0.005		146959		0.0347375799		179		0.0012180268

		831		1000		4155		5155		831000		0.0062033694		0.0012033694		0.005		140439		0.036706328		169		0.0012033694

		841		1000		4205		5205		841000		0.0061890606		0.0011890606		0.005		133719		0.0389249097		159		0.0011890606

		851		1000		4255		5255		851000		0.0061750881		0.0011750881		0.005		126799		0.0414435445		149		0.0011750881

		861		1000		4305		5305		861000		0.0061614402		0.0011614402		0.005		119679		0.0443269078		139		0.0011614402

		871		1000		4355		5355		871000		0.0061481056		0.0011481056		0.005		112359		0.0476597335		129		0.0011481056

		881		1000		4405		5405		881000		0.0061350738		0.0011350738		0.005		104839		0.0515552418		119		0.0011350738

		891		1000		4455		5455		891000		0.0061223345		0.0011223345		0.005		97119		0.056168206		109		0.0011223345

		901		1000		4505		5505		901000		0.0061098779		0.0011098779		0.005		89199		0.0617159385		99		0.0011098779

		911		1000		4555		5555		911000		0.0060976948		0.0010976948		0.005		81079		0.0685134252		89		0.0010976948

		921		1000		4605		5605		921000		0.0060857763		0.0010857763		0.005		72759		0.0770351434		79		0.0010857763

		931		1000		4655		5655		931000		0.0060741139		0.0010741139		0.005		64239		0.0880306356		69		0.0010741139

		941		1000		4705		5705		941000		0.0060626993		0.0010626993		0.005		55519		0.1027576145		59		0.0010626993

		951		1000		4755		5755		951000		0.0060515247		0.0010515247		0.005		46599		0.1235005043		49		0.0010515247

		961		1000		4805		5805		961000		0.0060405827		0.0010405827		0.005		37479		0.1548867366		39		0.0010405827

		971		1000		4855		5855		971000		0.0060298661		0.0010298661		0.005		28159		0.2079264178		29		0.0010298661

		981		1000		4905		5905		981000		0.006019368		0.001019368		0.005		18639		0.3168088417		19		0.001019368

		991		1000		4955		5955		991000		0.0060090817		0.0010090817		0.005		8919		0.6676757484		9		0.0010090817

								Reading the column and graph labels

		column labels:

		Adults:								the number of adults returning to spawn (total carcass input)

		Nutrients:								The sum of the nutrients contributed by the watershed and salmon

		Juve(M):								the number of juveniles produced by the spawning adults without

										considering any competition between adults or juveniles

		Nutr/JM:								The ratio of nutrient inputs to the maximum potential number of juveniles

		Nall/JM:								The ratio of nutrients from the watershed per juvenile (MAX) - allochthonous input

		J*:								The number of juveniles produced when interaction is included

		N/J*:								nutrients per juvenile, when interaction is modelled

		J*/adult:								the number of juveniles produced per adult when interaction is modelled

		graph labels:

		watershed:								nutrients contributed by the watershed to each juvenile

		plus carcass:								nutrients available to the maximum number of juveniles from adults and watershed

		less interaction:								nutrients available per juvenile when juvenile production is

										limited by interaction

		Juve/adult:								the number of juveniles produced per adult in the interaction model
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		561		561

		571		571

		581		581

		591		591

		601		601

		611		611

		621		621

		631		631

		641		641

		651		651

		661		661

		671		671

		681		681

		691		691

		701		701

		711		711

		721		721

		731		731

		741		741

		751		751

		761		761

		771		771

		781		781

		791		791

		801		801

		811		811

		821		821

		831		831

		841		841

		851		851

		861		861

		871		871

		881		881

		891		891

		901		901

		911		911

		921		921

		931		931

		941		941

		951		951

		961		961

		971		971

		981		981

		991		991



no interaction

quadratic effect

adults per year

nutrients per juvenile

Juvenile Nutrition

1.005

1.006006006

0.0959090909

0.096975825

0.0526190476

0.0537477504

0.0372580645

0.038450015

0.0293902439

0.0306467611

0.0246078431

0.0259302878

0.0213934426

0.022783219

0.019084507

0.0205430646

0.017345679

0.0188745147

0.015989011

0.0175896711

0.0149009901

0.0165750724

0.014009009

0.0157581654

0.0132644628

0.0150904014

0.0126335878

0.0145380757

0.0120921986

0.0140770647

0.0116225166

0.0136896544

0.0112111801

0.0133625508

0.0108479532

0.0130855889

0.0105248619

0.0128508692

0.0102356021

0.0126521658

0.0099751244

0.0124845111

0.0097393365

0.0123438992

0.0095248869

0.0122270692

0.0093290043

0.012131345

0.0091493776

0.0120545159

0.0089840637

0.0119947447

0.0088314176

0.0119504975

0.0086900369

0.0119204896

0.0085587189

0.0119036424

0.0084364261

0.0118990495

0.0083222591

0.0119059501

0.0082154341

0.0119237069

0.0081152648

0.0119517891

0.008021148

0.0119897579

0.0079325513

0.0120372554

0.0078490028

0.0120939951

0.0077700831

0.0121597545

0.0076954178

0.0122343685

0.0076246719

0.0123177252

0.0075575448

0.0124097615

0.0074937656

0.0125104601

0.00743309

0.0126198472

0.0073752969

0.0127379912

0.0073201856

0.0128650011

0.0072675737

0.0130010263

0.0072172949

0.0131462566

0.0071691974

0.0133009228

0.0071231423

0.0134652973

0.0070790021

0.0136396957

0.0070366599

0.0138244791

0.006996008

0.0140200561

0.0069569472

0.0142268858

0.0069193858

0.0144454818

0.0068832392

0.0146764161

0.0068484288

0.0149203243

0.006814882

0.015177911

0.0067825312

0.0154499572

0.0067513135

0.0157373275

0.0067211704

0.0160409795

0.0066920474

0.016361974

0.0066638935

0.0167014875

0.0066366612

0.0170608257

0.006610306

0.0174414405

0.0065847861

0.0178449487

0.0065600624

0.0182731543

0.0065360983

0.0187280754

0.0065128593

0.0192119743

0.006490313

0.019727395

0.0064684288

0.0202772062

0.006447178

0.0208646537

0.0064265335

0.0214934232

0.0064064698

0.0221677154

0.0063869626

0.0228923389

0.0063679891

0.0236728218

0.0063495277

0.0245155508

0.0063315579

0.0254279435

0.0063140604

0.026418663

0.0062970169

0.0274978902

0.0062804097

0.02867767

0.0062642225

0.0299723565

0.0062484395

0.0313991932

0.0062330456

0.0329790774

0.0062180268

0.0347375799

0.0062033694

0.036706328

0.0061890606

0.0389249097

0.0061750881

0.0414435445

0.0061614402

0.0443269078

0.0061481056

0.0476597335

0.0061350738

0.0515552418

0.0061223345

0.056168206

0.0061098779

0.0617159385

0.0060976948

0.0685134252

0.0060857763

0.0770351434

0.0060741139

0.0880306356

0.0060626993

0.1027576145

0.0060515247

0.1235005043

0.0060405827

0.1548867366

0.0060298661

0.2079264178

0.006019368

0.3168088417

0.0060090817

0.6676757484



NUTRIENT MASS

		1

		11

		21

		31

		41

		51

		61

		71

		81

		91

		101

		111

		121

		131

		141

		151

		161

		171

		181

		191

		201

		211

		221

		231

		241

		251

		261

		271

		281

		291

		301

		311

		321

		331

		341

		351

		361

		371

		381

		391

		401

		411

		421

		431

		441

		451

		461

		471

		481

		491

		501

		511

		521

		531

		541

		551

		561

		571

		581

		591

		601

		611

		621

		631

		641

		651

		661

		671

		681

		691

		701

		711

		721

		731

		741

		751

		761

		771

		781

		791

		801

		811

		821

		831

		841

		851

		861

		871

		881

		891

		901

		911

		921

		931

		941

		951

		961

		971

		981

		991



No of returning adults

nutrient input to watershed

MDN models

1005

1055

1105

1155

1205

1255

1305

1355

1405

1455

1505

1555

1605

1655

1705

1755

1805

1855

1905

1955

2005

2055

2105

2155

2205

2255

2305

2355

2405

2455

2505

2555

2605

2655

2705

2755

2805

2855

2905

2955

3005

3055

3105

3155

3205

3255

3305

3355

3405

3455

3505

3555

3605

3655

3705

3755

3805

3855

3905

3955

4005

4055

4105

4155

4205

4255

4305

4355

4405

4455

4505

4555

4605

4655

4705

4755

4805

4855

4905

4955

5005

5055

5105

5155

5205

5255

5305

5355

5405

5455

5505

5555

5605

5655

5705

5755

5805

5855

5905

5955



NOINTERACTION

		1		1		1

		11		11		11

		21		21		21

		31		31		31

		41		41		41

		51		51		51

		61		61		61

		71		71		71

		81		81		81

		91		91		91

		101		101		101

		111		111		111

		121		121		121

		131		131		131

		141		141		141

		151		151		151

		161		161		161

		171		171		171

		181		181		181

		191		191		191

		201		201		201

		211		211		211

		221		221		221

		231		231		231

		241		241		241

		251		251		251

		261		261		261

		271		271		271

		281		281		281

		291		291		291

		301		301		301

		311		311		311

		321		321		321

		331		331		331

		341		341		341

		351		351		351

		361		361		361

		371		371		371

		381		381		381

		391		391		391

		401		401		401

		411		411		411

		421		421		421

		431		431		431

		441		441		441

		451		451		451

		461		461		461

		471		471		471

		481		481		481

		491		491		491

		501		501		501

		511		511		511

		521		521		521

		531		531		531

		541		541		541

		551		551		551

		561		561		561

		571		571		571

		581		581		581

		591		591		591

		601		601		601

		611		611		611

		621		621		621

		631		631		631

		641		641		641

		651		651		651

		661		661		661

		671		671		671

		681		681		681

		691		691		691

		701		701		701

		711		711		711

		721		721		721

		731		731		731

		741		741		741

		751		751		751

		761		761		761

		771		771		771

		781		781		781

		791		791		791

		801		801		801

		811		811		811

		821		821		821

		831		831		831

		841		841		841

		851		851		851

		861		861		861

		871		871		871

		881		881		881

		891		891		891

		901		901		901

		911		911		911

		921		921		921

		931		931		931

		941		941		941

		951		951		951

		961		961		961

		971		971		971

		981		981		981

		991		991		991



total nutrients

watershed nutrients

adult nutrients

returning adult numbers

nutrients per juvenile

Juvenile Nutrition assuming no competition

1.005

1

0.005

0.0959090909

0.0909090909

0.005

0.0526190476

0.0476190476

0.005

0.0372580645

0.0322580645

0.005

0.0293902439

0.0243902439

0.005

0.0246078431

0.0196078431

0.005

0.0213934426

0.0163934426

0.005

0.019084507

0.014084507

0.005

0.017345679

0.012345679

0.005

0.015989011

0.010989011

0.005

0.0149009901

0.0099009901

0.005

0.014009009

0.009009009

0.005

0.0132644628

0.0082644628

0.005

0.0126335878

0.0076335878

0.005

0.0120921986

0.0070921986

0.005

0.0116225166

0.0066225166

0.005

0.0112111801

0.0062111801

0.005

0.0108479532

0.0058479532

0.005

0.0105248619

0.0055248619

0.005

0.0102356021

0.0052356021

0.005

0.0099751244

0.0049751244

0.005

0.0097393365

0.0047393365

0.005

0.0095248869

0.0045248869

0.005

0.0093290043

0.0043290043

0.005

0.0091493776

0.0041493776

0.005

0.0089840637

0.0039840637

0.005

0.0088314176

0.0038314176

0.005

0.0086900369

0.0036900369

0.005

0.0085587189

0.0035587189

0.005

0.0084364261

0.0034364261

0.005

0.0083222591

0.0033222591

0.005

0.0082154341

0.0032154341

0.005

0.0081152648

0.0031152648

0.005

0.008021148

0.003021148

0.005

0.0079325513

0.0029325513

0.005

0.0078490028

0.0028490028

0.005

0.0077700831

0.0027700831

0.005

0.0076954178

0.0026954178

0.005

0.0076246719

0.0026246719

0.005

0.0075575448

0.0025575448

0.005

0.0074937656

0.0024937656

0.005

0.00743309

0.00243309

0.005

0.0073752969

0.0023752969

0.005

0.0073201856

0.0023201856

0.005

0.0072675737

0.0022675737

0.005

0.0072172949

0.0022172949

0.005

0.0071691974

0.0021691974

0.005

0.0071231423

0.0021231423

0.005

0.0070790021

0.0020790021

0.005

0.0070366599

0.0020366599

0.005

0.006996008

0.001996008

0.005

0.0069569472

0.0019569472

0.005

0.0069193858

0.0019193858

0.005

0.0068832392

0.0018832392

0.005

0.0068484288

0.0018484288

0.005

0.006814882

0.001814882

0.005

0.0067825312

0.0017825312

0.005

0.0067513135

0.0017513135

0.005

0.0067211704

0.0017211704

0.005

0.0066920474

0.0016920474

0.005

0.0066638935

0.0016638935

0.005

0.0066366612

0.0016366612

0.005

0.006610306

0.001610306

0.005

0.0065847861

0.0015847861

0.005

0.0065600624

0.0015600624

0.005

0.0065360983

0.0015360983

0.005

0.0065128593

0.0015128593

0.005

0.006490313

0.001490313

0.005

0.0064684288

0.0014684288

0.005

0.006447178

0.001447178

0.005

0.0064265335

0.0014265335

0.005

0.0064064698

0.0014064698

0.005

0.0063869626

0.0013869626

0.005

0.0063679891

0.0013679891

0.005

0.0063495277

0.0013495277

0.005

0.0063315579

0.0013315579

0.005

0.0063140604

0.0013140604

0.005

0.0062970169

0.0012970169

0.005

0.0062804097

0.0012804097

0.005

0.0062642225

0.0012642225

0.005

0.0062484395

0.0012484395

0.005

0.0062330456

0.0012330456

0.005

0.0062180268

0.0012180268

0.005

0.0062033694

0.0012033694

0.005

0.0061890606

0.0011890606

0.005

0.0061750881

0.0011750881

0.005

0.0061614402

0.0011614402

0.005

0.0061481056

0.0011481056

0.005

0.0061350738

0.0011350738

0.005

0.0061223345

0.0011223345

0.005

0.0061098779

0.0011098779

0.005

0.0060976948

0.0010976948

0.005

0.0060857763

0.0010857763

0.005

0.0060741139

0.0010741139

0.005

0.0060626993

0.0010626993

0.005

0.0060515247

0.0010515247

0.005

0.0060405827

0.0010405827

0.005

0.0060298661

0.0010298661

0.005

0.006019368

0.001019368

0.005

0.0060090817

0.0010090817

0.005



MODEL

		1		1		1		1

		11		11		11		11

		21		21		21		21

		31		31		31		31

		41		41		41		41

		51		51		51		51

		61		61		61		61

		71		71		71		71

		81		81		81		81

		91		91		91		91

		101		101		101		101

		111		111		111		111

		121		121		121		121

		131		131		131		131

		141		141		141		141

		151		151		151		151

		161		161		161		161

		171		171		171		171

		181		181		181		181

		191		191		191		191

		201		201		201		201

		211		211		211		211

		221		221		221		221

		231		231		231		231

		241		241		241		241

		251		251		251		251

		261		261		261		261

		271		271		271		271

		281		281		281		281

		291		291		291		291

		301		301		301		301

		311		311		311		311

		321		321		321		321

		331		331		331		331

		341		341		341		341

		351		351		351		351

		361		361		361		361

		371		371		371		371

		381		381		381		381

		391		391		391		391

		401		401		401		401

		411		411		411		411

		421		421		421		421

		431		431		431		431

		441		441		441		441

		451		451		451		451

		461		461		461		461

		471		471		471		471

		481		481		481		481

		491		491		491		491

		501		501		501		501

		511		511		511		511

		521		521		521		521

		531		531		531		531

		541		541		541		541

		551		551		551		551

		561		561		561		561

		571		571		571		571

		581		581		581		581

		591		591		591		591

		601		601		601		601

		611		611		611		611

		621		621		621		621

		631		631		631		631

		641		641		641		641

		651		651		651		651

		661		661		661		661

		671		671		671		671

		681		681		681		681

		691		691		691		691

		701		701		701		701

		711		711		711		711

		721		721		721		721

		731		731		731		731

		741		741		741		741

		751		751		751		751

		761		761		761		761

		771		771		771		771

		781		781		781		781

		791		791		791		791

		801		801		801		801

		811		811		811		811

		821		821		821		821

		831		831		831		831

		841		841		841		841

		851		851		851		851

		861		861		861		861

		871		871		871		871

		881		881		881		881

		891		891		891		891

		901		901		901		901

		911		911		911		911

		921		921		921		921

		931		931		931		931

		941		941		941		941

		951		951		951		951

		961		961		961		961

		971		971		971		971

		981		981		981		981

		991		991		991		991



watershed

plus carcass

less interaction

juve/adult

number of adults spawning

nutrients/juvenile

Juvenile Nutrition by Origin (10X expanded vertical scale)

1

1.005

1.006006006

999

0.0909090909

0.0959090909

0.096975825

989

0.0476190476

0.0526190476

0.0537477504

979

0.0322580645

0.0372580645

0.038450015

969

0.0243902439

0.0293902439

0.0306467611

959

0.0196078431

0.0246078431

0.0259302878

949

0.0163934426

0.0213934426

0.022783219

939

0.014084507

0.019084507

0.0205430646

929

0.012345679

0.017345679

0.0188745147

919

0.010989011

0.015989011

0.0175896711

909

0.0099009901

0.0149009901

0.0165750724

899

0.009009009

0.014009009

0.0157581654

889

0.0082644628

0.0132644628

0.0150904014

879

0.0076335878

0.0126335878

0.0145380757

869

0.0070921986

0.0120921986

0.0140770647

859

0.0066225166

0.0116225166

0.0136896544

849

0.0062111801

0.0112111801

0.0133625508

839

0.0058479532

0.0108479532

0.0130855889

829

0.0055248619

0.0105248619

0.0128508692

819

0.0052356021

0.0102356021

0.0126521658

809

0.0049751244

0.0099751244

0.0124845111

799

0.0047393365

0.0097393365

0.0123438992

789

0.0045248869

0.0095248869

0.0122270692

779

0.0043290043

0.0093290043

0.012131345

769

0.0041493776

0.0091493776

0.0120545159

759

0.0039840637

0.0089840637

0.0119947447

749

0.0038314176

0.0088314176

0.0119504975

739

0.0036900369

0.0086900369

0.0119204896

729

0.0035587189

0.0085587189

0.0119036424

719

0.0034364261

0.0084364261

0.0118990495

709

0.0033222591

0.0083222591

0.0119059501

699

0.0032154341

0.0082154341

0.0119237069

689

0.0031152648

0.0081152648

0.0119517891

679

0.003021148

0.008021148

0.0119897579

669

0.0029325513

0.0079325513

0.0120372554

659

0.0028490028

0.0078490028

0.0120939951

649

0.0027700831

0.0077700831

0.0121597545

639

0.0026954178

0.0076954178

0.0122343685

629

0.0026246719

0.0076246719

0.0123177252

619

0.0025575448

0.0075575448

0.0124097615

609

0.0024937656

0.0074937656

0.0125104601

599

0.00243309

0.00743309

0.0126198472

589

0.0023752969

0.0073752969

0.0127379912

579

0.0023201856

0.0073201856

0.0128650011

569

0.0022675737

0.0072675737

0.0130010263

559

0.0022172949

0.0072172949

0.0131462566

549

0.0021691974

0.0071691974

0.0133009228

539

0.0021231423

0.0071231423

0.0134652973

529

0.0020790021

0.0070790021

0.0136396957

519

0.0020366599

0.0070366599

0.0138244791

509

0.001996008

0.006996008

0.0140200561

499

0.0019569472

0.0069569472

0.0142268858

489

0.0019193858

0.0069193858

0.0144454818

479

0.0018832392

0.0068832392

0.0146764161

469

0.0018484288

0.0068484288

0.0149203243

459

0.001814882

0.006814882

0.015177911

449

0.0017825312

0.0067825312

0.0154499572

439

0.0017513135

0.0067513135

0.0157373275

429

0.0017211704

0.0067211704

0.0160409795

419

0.0016920474

0.0066920474

0.016361974

409

0.0016638935

0.0066638935

0.0167014875

399

0.0016366612

0.0066366612

0.0170608257

389

0.001610306

0.006610306

0.0174414405

379

0.0015847861

0.0065847861

0.0178449487

369

0.0015600624

0.0065600624

0.0182731543

359

0.0015360983

0.0065360983

0.0187280754

349

0.0015128593

0.0065128593

0.0192119743

339

0.001490313

0.006490313

0.019727395

329

0.0014684288

0.0064684288

0.0202772062

319

0.001447178

0.006447178

0.0208646537

309

0.0014265335

0.0064265335

0.0214934232

299

0.0014064698

0.0064064698

0.0221677154

289

0.0013869626

0.0063869626

0.0228923389

279

0.0013679891

0.0063679891

0.0236728218

269

0.0013495277

0.0063495277

0.0245155508

259

0.0013315579

0.0063315579

0.0254279435

249

0.0013140604

0.0063140604

0.026418663

239

0.0012970169

0.0062970169

0.0274978902

229

0.0012804097

0.0062804097

0.02867767

219

0.0012642225

0.0062642225

0.0299723565

209

0.0012484395

0.0062484395

0.0313991932

199

0.0012330456

0.0062330456

0.0329790774

189

0.0012180268

0.0062180268

0.0347375799

179

0.0012033694

0.0062033694

0.036706328

169

0.0011890606

0.0061890606

0.0389249097

159

0.0011750881

0.0061750881

0.0414435445

149

0.0011614402

0.0061614402

0.0443269078

139

0.0011481056

0.0061481056

0.0476597335

129

0.0011350738

0.0061350738

0.0515552418

119

0.0011223345

0.0061223345

0.056168206

109

0.0011098779

0.0061098779

0.0617159385

99

0.0010976948

0.0060976948

0.0685134252

89

0.0010857763

0.0060857763

0.0770351434

79

0.0010741139

0.0060741139

0.0880306356

69

0.0010626993

0.0060626993

0.1027576145

59

0.0010515247

0.0060515247

0.1235005043

49

0.0010405827

0.0060405827

0.1548867366

39

0.0010298661

0.0060298661

0.2079264178

29

0.001019368

0.006019368

0.3168088417

19

0.0010090817

0.0060090817

0.6676757484

9



JUVNUTRNX10

		1		1

		11		11

		21		21

		31		31

		41		41

		51		51

		61		61

		71		71

		81		81

		91		91

		101		101

		111		111

		121		121

		131		131

		141		141

		151		151

		161		161

		171		171

		181		181

		191		191

		201		201

		211		211

		221		221

		231		231

		241		241

		251		251

		261		261

		271		271

		281		281

		291		291

		301		301

		311		311

		321		321

		331		331

		341		341

		351		351

		361		361

		371		371

		381		381

		391		391

		401		401

		411		411

		421		421

		431		431

		441		441

		451		451

		461		461

		471		471

		481		481

		491		491

		501		501

		511		511

		521		521

		531		531

		541		541

		551		551

		561		561

		571		571

		581		581

		591		591

		601		601

		611		611

		621		621

		631		631

		641		641

		651		651

		661		661

		671		671

		681		681

		691		691

		701		701

		711		711

		721		721

		731		731

		741		741

		751		751

		761		761

		771		771

		781		781

		791		791

		801		801

		811		811

		821		821

		831		831

		841		841

		851		851

		861		861

		871		871

		881		881

		891		891

		901		901

		911		911

		921		921

		931		931

		941		941

		951		951

		961		961

		971		971

		981		981

		991		991



no interaction

quadratic effect

adults per year

nutrients per juvenile

Juvenile Nutrition (10X expanded vertical scale)

1.005

1.006006006

0.0959090909

0.096975825

0.0526190476

0.0537477504

0.0372580645

0.038450015

0.0293902439

0.0306467611

0.0246078431

0.0259302878

0.0213934426

0.022783219

0.019084507

0.0205430646

0.017345679

0.0188745147

0.015989011

0.0175896711

0.0149009901

0.0165750724

0.014009009

0.0157581654

0.0132644628

0.0150904014

0.0126335878

0.0145380757

0.0120921986

0.0140770647

0.0116225166

0.0136896544

0.0112111801

0.0133625508

0.0108479532

0.0130855889

0.0105248619

0.0128508692

0.0102356021

0.0126521658

0.0099751244

0.0124845111

0.0097393365

0.0123438992

0.0095248869

0.0122270692

0.0093290043

0.012131345

0.0091493776

0.0120545159

0.0089840637

0.0119947447

0.0088314176

0.0119504975

0.0086900369

0.0119204896

0.0085587189

0.0119036424

0.0084364261

0.0118990495

0.0083222591

0.0119059501

0.0082154341

0.0119237069

0.0081152648

0.0119517891

0.008021148

0.0119897579

0.0079325513

0.0120372554

0.0078490028

0.0120939951

0.0077700831

0.0121597545

0.0076954178

0.0122343685

0.0076246719

0.0123177252

0.0075575448

0.0124097615

0.0074937656

0.0125104601

0.00743309

0.0126198472

0.0073752969

0.0127379912

0.0073201856

0.0128650011

0.0072675737

0.0130010263

0.0072172949

0.0131462566

0.0071691974

0.0133009228

0.0071231423

0.0134652973

0.0070790021

0.0136396957

0.0070366599

0.0138244791

0.006996008

0.0140200561

0.0069569472

0.0142268858

0.0069193858

0.0144454818

0.0068832392

0.0146764161

0.0068484288

0.0149203243

0.006814882

0.015177911

0.0067825312

0.0154499572

0.0067513135

0.0157373275

0.0067211704

0.0160409795

0.0066920474

0.016361974

0.0066638935

0.0167014875

0.0066366612

0.0170608257

0.006610306

0.0174414405

0.0065847861

0.0178449487

0.0065600624

0.0182731543

0.0065360983

0.0187280754

0.0065128593

0.0192119743

0.006490313

0.019727395

0.0064684288

0.0202772062

0.006447178

0.0208646537

0.0064265335

0.0214934232

0.0064064698

0.0221677154

0.0063869626

0.0228923389

0.0063679891

0.0236728218

0.0063495277

0.0245155508

0.0063315579

0.0254279435

0.0063140604

0.026418663

0.0062970169

0.0274978902

0.0062804097

0.02867767

0.0062642225

0.0299723565

0.0062484395

0.0313991932

0.0062330456

0.0329790774

0.0062180268

0.0347375799

0.0062033694

0.036706328

0.0061890606

0.0389249097

0.0061750881

0.0414435445

0.0061614402

0.0443269078

0.0061481056

0.0476597335

0.0061350738

0.0515552418

0.0061223345

0.056168206

0.0061098779

0.0617159385

0.0060976948

0.0685134252

0.0060857763

0.0770351434

0.0060741139

0.0880306356

0.0060626993

0.1027576145

0.0060515247

0.1235005043

0.0060405827

0.1548867366

0.0060298661

0.2079264178

0.006019368

0.3168088417

0.0060090817

0.6676757484



JUVENUTRN

		1		1

		11		11

		21		21

		31		31

		41		41

		51		51

		61		61

		71		71

		81		81

		91		91

		101		101

		111		111

		121		121

		131		131

		141		141

		151		151

		161		161

		171		171

		181		181

		191		191

		201		201

		211		211

		221		221

		231		231

		241		241

		251		251

		261		261

		271		271

		281		281

		291		291

		301		301

		311		311

		321		321

		331		331

		341		341

		351		351

		361		361

		371		371

		381		381

		391		391

		401		401

		411		411

		421		421

		431		431

		441		441

		451		451

		461		461

		471		471

		481		481

		491		491

		501		501

		511		511

		521		521

		531		531

		541		541

		551		551

		561		561

		571		571

		581		581

		591		591

		601		601

		611		611

		621		621

		631		631

		641		641

		651		651

		661		661

		671		671

		681		681

		691		691

		701		701

		711		711

		721		721

		731		731

		741		741

		751		751

		761		761

		771		771

		781		781

		791		791

		801		801

		811		811

		821		821

		831		831

		841		841

		851		851

		861		861

		871		871

		881		881

		891		891

		901		901

		911		911

		921		921

		931		931

		941		941

		951		951

		961		961

		971		971

		981		981

		991		991



no interaction

quadratic effect

adults per year

nutrients per juvenile

Juvenile Nutrition

1.005

1.006006006

0.0959090909

0.096975825

0.0526190476

0.0537477504

0.0372580645

0.038450015

0.0293902439

0.0306467611

0.0246078431

0.0259302878

0.0213934426

0.022783219

0.019084507

0.0205430646

0.017345679

0.0188745147

0.015989011

0.0175896711

0.0149009901

0.0165750724

0.014009009

0.0157581654

0.0132644628

0.0150904014

0.0126335878

0.0145380757

0.0120921986

0.0140770647

0.0116225166

0.0136896544

0.0112111801

0.0133625508

0.0108479532

0.0130855889

0.0105248619

0.0128508692

0.0102356021

0.0126521658

0.0099751244

0.0124845111

0.0097393365

0.0123438992

0.0095248869

0.0122270692

0.0093290043

0.012131345

0.0091493776

0.0120545159

0.0089840637

0.0119947447

0.0088314176

0.0119504975

0.0086900369

0.0119204896

0.0085587189

0.0119036424

0.0084364261

0.0118990495

0.0083222591

0.0119059501

0.0082154341

0.0119237069

0.0081152648

0.0119517891

0.008021148

0.0119897579

0.0079325513

0.0120372554

0.0078490028

0.0120939951

0.0077700831

0.0121597545

0.0076954178

0.0122343685

0.0076246719

0.0123177252

0.0075575448

0.0124097615

0.0074937656

0.0125104601

0.00743309

0.0126198472

0.0073752969

0.0127379912

0.0073201856

0.0128650011

0.0072675737

0.0130010263

0.0072172949

0.0131462566

0.0071691974

0.0133009228

0.0071231423

0.0134652973

0.0070790021

0.0136396957

0.0070366599

0.0138244791

0.006996008

0.0140200561

0.0069569472

0.0142268858

0.0069193858

0.0144454818

0.0068832392

0.0146764161

0.0068484288

0.0149203243

0.006814882

0.015177911

0.0067825312

0.0154499572

0.0067513135

0.0157373275

0.0067211704

0.0160409795

0.0066920474

0.016361974

0.0066638935

0.0167014875

0.0066366612

0.0170608257

0.006610306

0.0174414405

0.0065847861

0.0178449487

0.0065600624

0.0182731543

0.0065360983

0.0187280754

0.0065128593

0.0192119743

0.006490313

0.019727395

0.0064684288

0.0202772062

0.006447178

0.0208646537

0.0064265335

0.0214934232

0.0064064698

0.0221677154

0.0063869626

0.0228923389

0.0063679891

0.0236728218

0.0063495277

0.0245155508

0.0063315579

0.0254279435

0.0063140604

0.026418663

0.0062970169

0.0274978902

0.0062804097

0.02867767

0.0062642225

0.0299723565

0.0062484395

0.0313991932

0.0062330456

0.0329790774

0.0062180268

0.0347375799

0.0062033694

0.036706328

0.0061890606

0.0389249097

0.0061750881

0.0414435445

0.0061614402

0.0443269078

0.0061481056

0.0476597335

0.0061350738

0.0515552418

0.0061223345

0.056168206

0.0061098779

0.0617159385

0.0060976948

0.0685134252

0.0060857763

0.0770351434

0.0060741139

0.0880306356

0.0060626993

0.1027576145

0.0060515247

0.1235005043

0.0060405827

0.1548867366

0.0060298661

0.2079264178

0.006019368

0.3168088417

0.0060090817

0.6676757484



JUVENILEPRODN
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		131		131

		141		141

		151		151

		161		161

		171		171

		181		181
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		241		241

		251		251

		261		261

		271		271

		281		281

		291		291

		301		301

		311		311

		321		321

		331		331

		341		341

		351		351

		361		361

		371		371

		381		381

		391		391

		401		401

		411		411

		421		421

		431		431

		441		441

		451		451

		461		461

		471		471

		481		481

		491		491

		501		501

		511		511

		521		521

		531		531

		541		541

		551		551

		561		561

		571		571

		581		581

		591		591

		601		601

		611		611

		621		621

		631		631

		641		641

		651		651

		661		661

		671		671

		681		681

		691		691

		701		701

		711		711

		721		721

		731		731

		741		741

		751		751

		761		761

		771		771

		781		781

		791		791

		801		801

		811		811

		821		821

		831		831

		841		841

		851		851

		861		861

		871		871

		881		881

		891		891

		901		901

		911		911

		921		921

		931		931

		941		941

		951		951

		961		961

		971		971

		981		981

		991		991



no interaction

quadratic effect

number of returning adults per year (as fraction of maximum possible)

juveniles per year

Juvenile Production

1000

999

11000

10879

21000

20559

31000

30039

41000

39319

51000

48399

61000

57279

71000

65959

81000

74439

91000

82719

101000

90799

111000

98679

121000

106359

131000

113839

141000

121119

151000

128199

161000

135079

171000

141759

181000

148239

191000

154519

201000

160599

211000

166479

221000

172159

231000

177639

241000

182919

251000

187999

261000

192879

271000

197559

281000

202039

291000

206319

301000

210399

311000

214279

321000

217959

331000

221439

341000

224719

351000

227799

361000

230679

371000

233359

381000

235839

391000

238119

401000

240199

411000

242079

421000

243759

431000

245239

441000

246519

451000

247599

461000

248479

471000

249159

481000

249639

491000

249919

501000

249999

511000

249879

521000

249559

531000

249039

541000

248319

551000

247399

561000

246279

571000

244959

581000

243439

591000

241719

601000

239799

611000

237679

621000

235359

631000

232839

641000

230119

651000

227199

661000

224079

671000

220759

681000

217239

691000

213519

701000

209599

711000

205479

721000

201159

731000

196639

741000

191919

751000

186999

761000

181879

771000

176559

781000

171039

791000

165319

801000

159399

811000

153279

821000

146959

831000

140439

841000

133719

851000

126799

861000

119679

871000

112359

881000

104839

891000

97119

901000

89199

911000

81079

921000

72759

931000

64239

941000

55519

951000

46599
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		571		571		571
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		591		591		591

		601		601		601

		611		611		611

		621		621		621

		631		631		631

		641		641		641

		651		651		651

		661		661		661

		671		671		671

		681		681		681

		691		691		691

		701		701		701

		711		711		711

		721		721		721

		731		731		731

		741		741		741

		751		751		751

		761		761		761

		771		771		771

		781		781		781

		791		791		791

		801		801		801

		811		811		811

		821		821		821

		831		831		831

		841		841		841

		851		851		851

		861		861		861

		871		871		871

		881		881		881

		891		891		891

		901		901		901

		911		911		911

		921		921		921

		931		931		931

		941		941		941
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		961		961		961

		971		971		971

		981		981		981

		991		991		991
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Juvenile Production
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JUVENUTR

		nutrients per fish model

		baseline nutrients:						1000		units/yr		nutrients per adult						5		units/adult

		juveniles per adult						1000				conflict coeff						1

		Adults		Nutrients (units/yr)						Juve(M)		Nutr/JM		Nall/JM		Nadult/JM		J*		N/J*		J*/adult		N bkg/J

				bkg		adult		total

		1		1000		5		1005		1000		1.005		1		0.005		999		1.006006006		999		1

		11		1000		55		1055		11000		0.0959090909		0.0909090909		0.005		10879		0.096975825		989		0.0909090909

		21		1000		105		1105		21000		0.0526190476		0.0476190476		0.005		20559		0.0537477504		979		0.0476190476

		31		1000		155		1155		31000		0.0372580645		0.0322580645		0.005		30039		0.038450015		969		0.0322580645

		41		1000		205		1205		41000		0.0293902439		0.0243902439		0.005		39319		0.0306467611		959		0.0243902439

		51		1000		255		1255		51000		0.0246078431		0.0196078431		0.005		48399		0.0259302878		949		0.0196078431

		61		1000		305		1305		61000		0.0213934426		0.0163934426		0.005		57279		0.022783219		939		0.0163934426

		71		1000		355		1355		71000		0.019084507		0.014084507		0.005		65959		0.0205430646		929		0.014084507

		81		1000		405		1405		81000		0.017345679		0.012345679		0.005		74439		0.0188745147		919		0.012345679

		91		1000		455		1455		91000		0.015989011		0.010989011		0.005		82719		0.0175896711		909		0.010989011

		101		1000		505		1505		101000		0.0149009901		0.0099009901		0.005		90799		0.0165750724		899		0.0099009901

		111		1000		555		1555		111000		0.014009009		0.009009009		0.005		98679		0.0157581654		889		0.009009009

		121		1000		605		1605		121000		0.0132644628		0.0082644628		0.005		106359		0.0150904014		879		0.0082644628

		131		1000		655		1655		131000		0.0126335878		0.0076335878		0.005		113839		0.0145380757		869		0.0076335878

		141		1000		705		1705		141000		0.0120921986		0.0070921986		0.005		121119		0.0140770647		859		0.0070921986

		151		1000		755		1755		151000		0.0116225166		0.0066225166		0.005		128199		0.0136896544		849		0.0066225166

		161		1000		805		1805		161000		0.0112111801		0.0062111801		0.005		135079		0.0133625508		839		0.0062111801

		171		1000		855		1855		171000		0.0108479532		0.0058479532		0.005		141759		0.0130855889		829		0.0058479532

		181		1000		905		1905		181000		0.0105248619		0.0055248619		0.005		148239		0.0128508692		819		0.0055248619

		191		1000		955		1955		191000		0.0102356021		0.0052356021		0.005		154519		0.0126521658		809		0.0052356021

		201		1000		1005		2005		201000		0.0099751244		0.0049751244		0.005		160599		0.0124845111		799		0.0049751244

		211		1000		1055		2055		211000		0.0097393365		0.0047393365		0.005		166479		0.0123438992		789		0.0047393365

		221		1000		1105		2105		221000		0.0095248869		0.0045248869		0.005		172159		0.0122270692		779		0.0045248869

		231		1000		1155		2155		231000		0.0093290043		0.0043290043		0.005		177639		0.012131345		769		0.0043290043

		241		1000		1205		2205		241000		0.0091493776		0.0041493776		0.005		182919		0.0120545159		759		0.0041493776

		251		1000		1255		2255		251000		0.0089840637		0.0039840637		0.005		187999		0.0119947447		749		0.0039840637

		261		1000		1305		2305		261000		0.0088314176		0.0038314176		0.005		192879		0.0119504975		739		0.0038314176

		271		1000		1355		2355		271000		0.0086900369		0.0036900369		0.005		197559		0.0119204896		729		0.0036900369

		281		1000		1405		2405		281000		0.0085587189		0.0035587189		0.005		202039		0.0119036424		719		0.0035587189

		291		1000		1455		2455		291000		0.0084364261		0.0034364261		0.005		206319		0.0118990495		709		0.0034364261

		301		1000		1505		2505		301000		0.0083222591		0.0033222591		0.005		210399		0.0119059501		699		0.0033222591

		311		1000		1555		2555		311000		0.0082154341		0.0032154341		0.005		214279		0.0119237069		689		0.0032154341

		321		1000		1605		2605		321000		0.0081152648		0.0031152648		0.005		217959		0.0119517891		679		0.0031152648

		331		1000		1655		2655		331000		0.008021148		0.003021148		0.005		221439		0.0119897579		669		0.003021148

		341		1000		1705		2705		341000		0.0079325513		0.0029325513		0.005		224719		0.0120372554		659		0.0029325513

		351		1000		1755		2755		351000		0.0078490028		0.0028490028		0.005		227799		0.0120939951		649		0.0028490028

		361		1000		1805		2805		361000		0.0077700831		0.0027700831		0.005		230679		0.0121597545		639		0.0027700831

		371		1000		1855		2855		371000		0.0076954178		0.0026954178		0.005		233359		0.0122343685		629		0.0026954178

		381		1000		1905		2905		381000		0.0076246719		0.0026246719		0.005		235839		0.0123177252		619		0.0026246719

		391		1000		1955		2955		391000		0.0075575448		0.0025575448		0.005		238119		0.0124097615		609		0.0025575448

		401		1000		2005		3005		401000		0.0074937656		0.0024937656		0.005		240199		0.0125104601		599		0.0024937656

		411		1000		2055		3055		411000		0.00743309		0.00243309		0.005		242079		0.0126198472		589		0.00243309

		421		1000		2105		3105		421000		0.0073752969		0.0023752969		0.005		243759		0.0127379912		579		0.0023752969

		431		1000		2155		3155		431000		0.0073201856		0.0023201856		0.005		245239		0.0128650011		569		0.0023201856

		441		1000		2205		3205		441000		0.0072675737		0.0022675737		0.005		246519		0.0130010263		559		0.0022675737

		451		1000		2255		3255		451000		0.0072172949		0.0022172949		0.005		247599		0.0131462566		549		0.0022172949

		461		1000		2305		3305		461000		0.0071691974		0.0021691974		0.005		248479		0.0133009228		539		0.0021691974

		471		1000		2355		3355		471000		0.0071231423		0.0021231423		0.005		249159		0.0134652973		529		0.0021231423

		481		1000		2405		3405		481000		0.0070790021		0.0020790021		0.005		249639		0.0136396957		519		0.0020790021

		491		1000		2455		3455		491000		0.0070366599		0.0020366599		0.005		249919		0.0138244791		509		0.0020366599

		501		1000		2505		3505		501000		0.006996008		0.001996008		0.005		249999		0.0140200561		499		0.001996008

		511		1000		2555		3555		511000		0.0069569472		0.0019569472		0.005		249879		0.0142268858		489		0.0019569472

		521		1000		2605		3605		521000		0.0069193858		0.0019193858		0.005		249559		0.0144454818		479		0.0019193858

		531		1000		2655		3655		531000		0.0068832392		0.0018832392		0.005		249039		0.0146764161		469		0.0018832392

		541		1000		2705		3705		541000		0.0068484288		0.0018484288		0.005		248319		0.0149203243		459		0.0018484288

		551		1000		2755		3755		551000		0.006814882		0.001814882		0.005		247399		0.015177911		449		0.001814882

		561		1000		2805		3805		561000		0.0067825312		0.0017825312		0.005		246279		0.0154499572		439		0.0017825312

		571		1000		2855		3855		571000		0.0067513135		0.0017513135		0.005		244959		0.0157373275		429		0.0017513135

		581		1000		2905		3905		581000		0.0067211704		0.0017211704		0.005		243439		0.0160409795		419		0.0017211704

		591		1000		2955		3955		591000		0.0066920474		0.0016920474		0.005		241719		0.016361974		409		0.0016920474

		601		1000		3005		4005		601000		0.0066638935		0.0016638935		0.005		239799		0.0167014875		399		0.0016638935

		611		1000		3055		4055		611000		0.0066366612		0.0016366612		0.005		237679		0.0170608257		389		0.0016366612

		621		1000		3105		4105		621000		0.006610306		0.001610306		0.005		235359		0.0174414405		379		0.001610306

		631		1000		3155		4155		631000		0.0065847861		0.0015847861		0.005		232839		0.0178449487		369		0.0015847861

		641		1000		3205		4205		641000		0.0065600624		0.0015600624		0.005		230119		0.0182731543		359		0.0015600624

		651		1000		3255		4255		651000		0.0065360983		0.0015360983		0.005		227199		0.0187280754		349		0.0015360983

		661		1000		3305		4305		661000		0.0065128593		0.0015128593		0.005		224079		0.0192119743		339		0.0015128593

		671		1000		3355		4355		671000		0.006490313		0.001490313		0.005		220759		0.019727395		329		0.001490313

		681		1000		3405		4405		681000		0.0064684288		0.0014684288		0.005		217239		0.0202772062		319		0.0014684288

		691		1000		3455		4455		691000		0.006447178		0.001447178		0.005		213519		0.0208646537		309		0.001447178

		701		1000		3505		4505		701000		0.0064265335		0.0014265335		0.005		209599		0.0214934232		299		0.0014265335

		711		1000		3555		4555		711000		0.0064064698		0.0014064698		0.005		205479		0.0221677154		289		0.0014064698

		721		1000		3605		4605		721000		0.0063869626		0.0013869626		0.005		201159		0.0228923389		279		0.0013869626

		731		1000		3655		4655		731000		0.0063679891		0.0013679891		0.005		196639		0.0236728218		269		0.0013679891

		741		1000		3705		4705		741000		0.0063495277		0.0013495277		0.005		191919		0.0245155508		259		0.0013495277

		751		1000		3755		4755		751000		0.0063315579		0.0013315579		0.005		186999		0.0254279435		249		0.0013315579

		761		1000		3805		4805		761000		0.0063140604		0.0013140604		0.005		181879		0.026418663		239		0.0013140604

		771		1000		3855		4855		771000		0.0062970169		0.0012970169		0.005		176559		0.0274978902		229		0.0012970169

		781		1000		3905		4905		781000		0.0062804097		0.0012804097		0.005		171039		0.02867767		219		0.0012804097

		791		1000		3955		4955		791000		0.0062642225		0.0012642225		0.005		165319		0.0299723565		209		0.0012642225

		801		1000		4005		5005		801000		0.0062484395		0.0012484395		0.005		159399		0.0313991932		199		0.0012484395

		811		1000		4055		5055		811000		0.0062330456		0.0012330456		0.005		153279		0.0329790774		189		0.0012330456

		821		1000		4105		5105		821000		0.0062180268		0.0012180268		0.005		146959		0.0347375799		179		0.0012180268

		831		1000		4155		5155		831000		0.0062033694		0.0012033694		0.005		140439		0.036706328		169		0.0012033694

		841		1000		4205		5205		841000		0.0061890606		0.0011890606		0.005		133719		0.0389249097		159		0.0011890606

		851		1000		4255		5255		851000		0.0061750881		0.0011750881		0.005		126799		0.0414435445		149		0.0011750881

		861		1000		4305		5305		861000		0.0061614402		0.0011614402		0.005		119679		0.0443269078		139		0.0011614402

		871		1000		4355		5355		871000		0.0061481056		0.0011481056		0.005		112359		0.0476597335		129		0.0011481056

		881		1000		4405		5405		881000		0.0061350738		0.0011350738		0.005		104839		0.0515552418		119		0.0011350738

		891		1000		4455		5455		891000		0.0061223345		0.0011223345		0.005		97119		0.056168206		109		0.0011223345

		901		1000		4505		5505		901000		0.0061098779		0.0011098779		0.005		89199		0.0617159385		99		0.0011098779

		911		1000		4555		5555		911000		0.0060976948		0.0010976948		0.005		81079		0.0685134252		89		0.0010976948

		921		1000		4605		5605		921000		0.0060857763		0.0010857763		0.005		72759		0.0770351434		79		0.0010857763

		931		1000		4655		5655		931000		0.0060741139		0.0010741139		0.005		64239		0.0880306356		69		0.0010741139

		941		1000		4705		5705		941000		0.0060626993		0.0010626993		0.005		55519		0.1027576145		59		0.0010626993
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		991		1000		4955		5955		991000		0.0060090817		0.0010090817		0.005		8919		0.6676757484		9		0.0010090817

								Reading the column and graph labels

		column labels:

		Adults:								the number of adults returning to spawn (total carcass input)

		Nutrients:								The sum of the nutrients contributed by the watershed and salmon

		Juve(M):								the number of juveniles produced by the spawning adults without

										considering any competition between adults or juveniles

		Nutr/JM:								The ratio of nutrient inputs to the maximum potential number of juveniles

		Nall/JM:								The ratio of nutrients from the watershed per juvenile (MAX) - allochthonous input

		J*:								The number of juveniles produced when interaction is included

		N/J*:								nutrients per juvenile, when interaction is modelled

		J*/adult:								the number of juveniles produced per adult when interaction is modelled

		graph labels:

		watershed:								nutrients contributed by the watershed to each juvenile

		plus carcass:								nutrients available to the maximum number of juveniles from adults and watershed

		less interaction:								nutrients available per juvenile when juvenile production is

										limited by interaction

		Juve/adult:								the number of juveniles produced per adult in the interaction model
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Density Dependent Productivity

Constant Juvenile Productivity


JUVENUTR

		nutrients per fish model

		baseline nutrients:						1000		units/yr		nutrients per adult						5		units/adult

		juveniles per adult						1000				conflict coeff						1

		Adults		Nutrients (units/yr)						Juve(M)		Nutr/JM		Nall/JM		Nadult/JM		J*		N/J*		J*/adult		N bkg/J

				bkg		adult		total

		1		1000		5		1005		1000		1.005		1		0.005		999		1.006006006		999		1

		11		1000		55		1055		11000		0.0959090909		0.0909090909		0.005		10879		0.096975825		989		0.0909090909

		21		1000		105		1105		21000		0.0526190476		0.0476190476		0.005		20559		0.0537477504		979		0.0476190476

		31		1000		155		1155		31000		0.0372580645		0.0322580645		0.005		30039		0.038450015		969		0.0322580645

		41		1000		205		1205		41000		0.0293902439		0.0243902439		0.005		39319		0.0306467611		959		0.0243902439

		51		1000		255		1255		51000		0.0246078431		0.0196078431		0.005		48399		0.0259302878		949		0.0196078431

		61		1000		305		1305		61000		0.0213934426		0.0163934426		0.005		57279		0.022783219		939		0.0163934426

		71		1000		355		1355		71000		0.019084507		0.014084507		0.005		65959		0.0205430646		929		0.014084507

		81		1000		405		1405		81000		0.017345679		0.012345679		0.005		74439		0.0188745147		919		0.012345679

		91		1000		455		1455		91000		0.015989011		0.010989011		0.005		82719		0.0175896711		909		0.010989011

		101		1000		505		1505		101000		0.0149009901		0.0099009901		0.005		90799		0.0165750724		899		0.0099009901

		111		1000		555		1555		111000		0.014009009		0.009009009		0.005		98679		0.0157581654		889		0.009009009

		121		1000		605		1605		121000		0.0132644628		0.0082644628		0.005		106359		0.0150904014		879		0.0082644628

		131		1000		655		1655		131000		0.0126335878		0.0076335878		0.005		113839		0.0145380757		869		0.0076335878

		141		1000		705		1705		141000		0.0120921986		0.0070921986		0.005		121119		0.0140770647		859		0.0070921986

		151		1000		755		1755		151000		0.0116225166		0.0066225166		0.005		128199		0.0136896544		849		0.0066225166

		161		1000		805		1805		161000		0.0112111801		0.0062111801		0.005		135079		0.0133625508		839		0.0062111801

		171		1000		855		1855		171000		0.0108479532		0.0058479532		0.005		141759		0.0130855889		829		0.0058479532

		181		1000		905		1905		181000		0.0105248619		0.0055248619		0.005		148239		0.0128508692		819		0.0055248619

		191		1000		955		1955		191000		0.0102356021		0.0052356021		0.005		154519		0.0126521658		809		0.0052356021

		201		1000		1005		2005		201000		0.0099751244		0.0049751244		0.005		160599		0.0124845111		799		0.0049751244

		211		1000		1055		2055		211000		0.0097393365		0.0047393365		0.005		166479		0.0123438992		789		0.0047393365

		221		1000		1105		2105		221000		0.0095248869		0.0045248869		0.005		172159		0.0122270692		779		0.0045248869

		231		1000		1155		2155		231000		0.0093290043		0.0043290043		0.005		177639		0.012131345		769		0.0043290043

		241		1000		1205		2205		241000		0.0091493776		0.0041493776		0.005		182919		0.0120545159		759		0.0041493776

		251		1000		1255		2255		251000		0.0089840637		0.0039840637		0.005		187999		0.0119947447		749		0.0039840637

		261		1000		1305		2305		261000		0.0088314176		0.0038314176		0.005		192879		0.0119504975		739		0.0038314176

		271		1000		1355		2355		271000		0.0086900369		0.0036900369		0.005		197559		0.0119204896		729		0.0036900369

		281		1000		1405		2405		281000		0.0085587189		0.0035587189		0.005		202039		0.0119036424		719		0.0035587189

		291		1000		1455		2455		291000		0.0084364261		0.0034364261		0.005		206319		0.0118990495		709		0.0034364261

		301		1000		1505		2505		301000		0.0083222591		0.0033222591		0.005		210399		0.0119059501		699		0.0033222591

		311		1000		1555		2555		311000		0.0082154341		0.0032154341		0.005		214279		0.0119237069		689		0.0032154341

		321		1000		1605		2605		321000		0.0081152648		0.0031152648		0.005		217959		0.0119517891		679		0.0031152648

		331		1000		1655		2655		331000		0.008021148		0.003021148		0.005		221439		0.0119897579		669		0.003021148

		341		1000		1705		2705		341000		0.0079325513		0.0029325513		0.005		224719		0.0120372554		659		0.0029325513

		351		1000		1755		2755		351000		0.0078490028		0.0028490028		0.005		227799		0.0120939951		649		0.0028490028

		361		1000		1805		2805		361000		0.0077700831		0.0027700831		0.005		230679		0.0121597545		639		0.0027700831

		371		1000		1855		2855		371000		0.0076954178		0.0026954178		0.005		233359		0.0122343685		629		0.0026954178

		381		1000		1905		2905		381000		0.0076246719		0.0026246719		0.005		235839		0.0123177252		619		0.0026246719

		391		1000		1955		2955		391000		0.0075575448		0.0025575448		0.005		238119		0.0124097615		609		0.0025575448

		401		1000		2005		3005		401000		0.0074937656		0.0024937656		0.005		240199		0.0125104601		599		0.0024937656

		411		1000		2055		3055		411000		0.00743309		0.00243309		0.005		242079		0.0126198472		589		0.00243309

		421		1000		2105		3105		421000		0.0073752969		0.0023752969		0.005		243759		0.0127379912		579		0.0023752969

		431		1000		2155		3155		431000		0.0073201856		0.0023201856		0.005		245239		0.0128650011		569		0.0023201856

		441		1000		2205		3205		441000		0.0072675737		0.0022675737		0.005		246519		0.0130010263		559		0.0022675737

		451		1000		2255		3255		451000		0.0072172949		0.0022172949		0.005		247599		0.0131462566		549		0.0022172949

		461		1000		2305		3305		461000		0.0071691974		0.0021691974		0.005		248479		0.0133009228		539		0.0021691974

		471		1000		2355		3355		471000		0.0071231423		0.0021231423		0.005		249159		0.0134652973		529		0.0021231423

		481		1000		2405		3405		481000		0.0070790021		0.0020790021		0.005		249639		0.0136396957		519		0.0020790021

		491		1000		2455		3455		491000		0.0070366599		0.0020366599		0.005		249919		0.0138244791		509		0.0020366599

		501		1000		2505		3505		501000		0.006996008		0.001996008		0.005		249999		0.0140200561		499		0.001996008

		511		1000		2555		3555		511000		0.0069569472		0.0019569472		0.005		249879		0.0142268858		489		0.0019569472

		521		1000		2605		3605		521000		0.0069193858		0.0019193858		0.005		249559		0.0144454818		479		0.0019193858

		531		1000		2655		3655		531000		0.0068832392		0.0018832392		0.005		249039		0.0146764161		469		0.0018832392

		541		1000		2705		3705		541000		0.0068484288		0.0018484288		0.005		248319		0.0149203243		459		0.0018484288

		551		1000		2755		3755		551000		0.006814882		0.001814882		0.005		247399		0.015177911		449		0.001814882

		561		1000		2805		3805		561000		0.0067825312		0.0017825312		0.005		246279		0.0154499572		439		0.0017825312

		571		1000		2855		3855		571000		0.0067513135		0.0017513135		0.005		244959		0.0157373275		429		0.0017513135

		581		1000		2905		3905		581000		0.0067211704		0.0017211704		0.005		243439		0.0160409795		419		0.0017211704

		591		1000		2955		3955		591000		0.0066920474		0.0016920474		0.005		241719		0.016361974		409		0.0016920474

		601		1000		3005		4005		601000		0.0066638935		0.0016638935		0.005		239799		0.0167014875		399		0.0016638935

		611		1000		3055		4055		611000		0.0066366612		0.0016366612		0.005		237679		0.0170608257		389		0.0016366612

		621		1000		3105		4105		621000		0.006610306		0.001610306		0.005		235359		0.0174414405		379		0.001610306

		631		1000		3155		4155		631000		0.0065847861		0.0015847861		0.005		232839		0.0178449487		369		0.0015847861

		641		1000		3205		4205		641000		0.0065600624		0.0015600624		0.005		230119		0.0182731543		359		0.0015600624

		651		1000		3255		4255		651000		0.0065360983		0.0015360983		0.005		227199		0.0187280754		349		0.0015360983

		661		1000		3305		4305		661000		0.0065128593		0.0015128593		0.005		224079		0.0192119743		339		0.0015128593

		671		1000		3355		4355		671000		0.006490313		0.001490313		0.005		220759		0.019727395		329		0.001490313

		681		1000		3405		4405		681000		0.0064684288		0.0014684288		0.005		217239		0.0202772062		319		0.0014684288

		691		1000		3455		4455		691000		0.006447178		0.001447178		0.005		213519		0.0208646537		309		0.001447178

		701		1000		3505		4505		701000		0.0064265335		0.0014265335		0.005		209599		0.0214934232		299		0.0014265335

		711		1000		3555		4555		711000		0.0064064698		0.0014064698		0.005		205479		0.0221677154		289		0.0014064698

		721		1000		3605		4605		721000		0.0063869626		0.0013869626		0.005		201159		0.0228923389		279		0.0013869626

		731		1000		3655		4655		731000		0.0063679891		0.0013679891		0.005		196639		0.0236728218		269		0.0013679891

		741		1000		3705		4705		741000		0.0063495277		0.0013495277		0.005		191919		0.0245155508		259		0.0013495277

		751		1000		3755		4755		751000		0.0063315579		0.0013315579		0.005		186999		0.0254279435		249		0.0013315579

		761		1000		3805		4805		761000		0.0063140604		0.0013140604		0.005		181879		0.026418663		239		0.0013140604

		771		1000		3855		4855		771000		0.0062970169		0.0012970169		0.005		176559		0.0274978902		229		0.0012970169

		781		1000		3905		4905		781000		0.0062804097		0.0012804097		0.005		171039		0.02867767		219		0.0012804097

		791		1000		3955		4955		791000		0.0062642225		0.0012642225		0.005		165319		0.0299723565		209		0.0012642225

		801		1000		4005		5005		801000		0.0062484395		0.0012484395		0.005		159399		0.0313991932		199		0.0012484395

		811		1000		4055		5055		811000		0.0062330456		0.0012330456		0.005		153279		0.0329790774		189		0.0012330456

		821		1000		4105		5105		821000		0.0062180268		0.0012180268		0.005		146959		0.0347375799		179		0.0012180268

		831		1000		4155		5155		831000		0.0062033694		0.0012033694		0.005		140439		0.036706328		169		0.0012033694

		841		1000		4205		5205		841000		0.0061890606		0.0011890606		0.005		133719		0.0389249097		159		0.0011890606

		851		1000		4255		5255		851000		0.0061750881		0.0011750881		0.005		126799		0.0414435445		149		0.0011750881

		861		1000		4305		5305		861000		0.0061614402		0.0011614402		0.005		119679		0.0443269078		139		0.0011614402

		871		1000		4355		5355		871000		0.0061481056		0.0011481056		0.005		112359		0.0476597335		129		0.0011481056

		881		1000		4405		5405		881000		0.0061350738		0.0011350738		0.005		104839		0.0515552418		119		0.0011350738

		891		1000		4455		5455		891000		0.0061223345		0.0011223345		0.005		97119		0.056168206		109		0.0011223345

		901		1000		4505		5505		901000		0.0061098779		0.0011098779		0.005		89199		0.0617159385		99		0.0011098779

		911		1000		4555		5555		911000		0.0060976948		0.0010976948		0.005		81079		0.0685134252		89		0.0010976948

		921		1000		4605		5605		921000		0.0060857763		0.0010857763		0.005		72759		0.0770351434		79		0.0010857763

		931		1000		4655		5655		931000		0.0060741139		0.0010741139		0.005		64239		0.0880306356		69		0.0010741139

		941		1000		4705		5705		941000		0.0060626993		0.0010626993		0.005		55519		0.1027576145		59		0.0010626993

		951		1000		4755		5755		951000		0.0060515247		0.0010515247		0.005		46599		0.1235005043		49		0.0010515247

		961		1000		4805		5805		961000		0.0060405827		0.0010405827		0.005		37479		0.1548867366		39		0.0010405827

		971		1000		4855		5855		971000		0.0060298661		0.0010298661		0.005		28159		0.2079264178		29		0.0010298661

		981		1000		4905		5905		981000		0.006019368		0.001019368		0.005		18639		0.3168088417		19		0.001019368

		991		1000		4955		5955		991000		0.0060090817		0.0010090817		0.005		8919		0.6676757484		9		0.0010090817

								Reading the column and graph labels

		column labels:

		Adults:								the number of adults returning to spawn (total carcass input)

		Nutrients:								The sum of the nutrients contributed by the watershed and salmon

		Juve(M):								the number of juveniles produced by the spawning adults without

										considering any competition between adults or juveniles

		Nutr/JM:								The ratio of nutrient inputs to the maximum potential number of juveniles

		Nall/JM:								The ratio of nutrients from the watershed per juvenile (MAX) - allochthonous input

		J*:								The number of juveniles produced when interaction is included

		N/J*:								nutrients per juvenile, when interaction is modelled

		J*/adult:								the number of juveniles produced per adult when interaction is modelled

		graph labels:

		watershed:								nutrients contributed by the watershed to each juvenile

		plus carcass:								nutrients available to the maximum number of juveniles from adults and watershed

		less interaction:								nutrients available per juvenile when juvenile production is

										limited by interaction

		Juve/adult:								the number of juveniles produced per adult in the interaction model
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0.005

0.0061350738

0.0011350738

0.005

0.0061223345

0.0011223345

0.005

0.0061098779

0.0011098779

0.005

0.0060976948

0.0010976948

0.005

0.0060857763

0.0010857763

0.005

0.0060741139

0.0010741139

0.005

0.0060626993

0.0010626993

0.005

0.0060515247

0.0010515247

0.005

0.0060405827

0.0010405827

0.005

0.0060298661

0.0010298661

0.005

0.006019368

0.001019368

0.005

0.0060090817

0.0010090817

0.005



MODEL

		1		1		1		1

		11		11		11		11

		21		21		21		21

		31		31		31		31

		41		41		41		41

		51		51		51		51

		61		61		61		61

		71		71		71		71

		81		81		81		81

		91		91		91		91

		101		101		101		101

		111		111		111		111

		121		121		121		121

		131		131		131		131

		141		141		141		141

		151		151		151		151

		161		161		161		161

		171		171		171		171

		181		181		181		181

		191		191		191		191

		201		201		201		201

		211		211		211		211

		221		221		221		221

		231		231		231		231

		241		241		241		241

		251		251		251		251

		261		261		261		261

		271		271		271		271

		281		281		281		281

		291		291		291		291

		301		301		301		301

		311		311		311		311

		321		321		321		321

		331		331		331		331

		341		341		341		341

		351		351		351		351

		361		361		361		361

		371		371		371		371

		381		381		381		381

		391		391		391		391

		401		401		401		401

		411		411		411		411

		421		421		421		421

		431		431		431		431

		441		441		441		441

		451		451		451		451

		461		461		461		461

		471		471		471		471

		481		481		481		481

		491		491		491		491

		501		501		501		501

		511		511		511		511

		521		521		521		521

		531		531		531		531

		541		541		541		541

		551		551		551		551

		561		561		561		561

		571		571		571		571

		581		581		581		581

		591		591		591		591

		601		601		601		601

		611		611		611		611

		621		621		621		621

		631		631		631		631

		641		641		641		641

		651		651		651		651

		661		661		661		661

		671		671		671		671

		681		681		681		681

		691		691		691		691

		701		701		701		701

		711		711		711		711

		721		721		721		721

		731		731		731		731

		741		741		741		741

		751		751		751		751

		761		761		761		761

		771		771		771		771

		781		781		781		781

		791		791		791		791

		801		801		801		801

		811		811		811		811

		821		821		821		821

		831		831		831		831

		841		841		841		841

		851		851		851		851

		861		861		861		861

		871		871		871		871

		881		881		881		881

		891		891		891		891

		901		901		901		901

		911		911		911		911

		921		921		921		921

		931		931		931		931

		941		941		941		941

		951		951		951		951

		961		961		961		961

		971		971		971		971

		981		981		981		981

		991		991		991		991



watershed

plus carcass

less interaction

juve/adult

number of adults spawning

nutrients/juvenile

Juvenile Nutrition by Origin (10X expanded vertical scale)

1

1.005

1.006006006

999

0.0909090909

0.0959090909

0.096975825

989

0.0476190476

0.0526190476

0.0537477504

979

0.0322580645

0.0372580645

0.038450015

969

0.0243902439

0.0293902439

0.0306467611

959

0.0196078431

0.0246078431

0.0259302878

949

0.0163934426

0.0213934426

0.022783219

939

0.014084507

0.019084507

0.0205430646

929

0.012345679

0.017345679

0.0188745147

919

0.010989011

0.015989011

0.0175896711

909

0.0099009901

0.0149009901

0.0165750724

899

0.009009009

0.014009009

0.0157581654

889

0.0082644628

0.0132644628

0.0150904014

879

0.0076335878

0.0126335878

0.0145380757

869

0.0070921986

0.0120921986

0.0140770647

859

0.0066225166

0.0116225166

0.0136896544

849

0.0062111801

0.0112111801

0.0133625508

839

0.0058479532

0.0108479532

0.0130855889

829

0.0055248619

0.0105248619

0.0128508692

819

0.0052356021

0.0102356021

0.0126521658

809

0.0049751244

0.0099751244

0.0124845111

799

0.0047393365

0.0097393365

0.0123438992

789

0.0045248869

0.0095248869

0.0122270692

779

0.0043290043

0.0093290043

0.012131345

769

0.0041493776

0.0091493776

0.0120545159

759

0.0039840637

0.0089840637

0.0119947447

749

0.0038314176

0.0088314176

0.0119504975

739

0.0036900369

0.0086900369

0.0119204896

729

0.0035587189

0.0085587189

0.0119036424

719

0.0034364261

0.0084364261

0.0118990495

709

0.0033222591

0.0083222591

0.0119059501

699

0.0032154341

0.0082154341

0.0119237069

689

0.0031152648

0.0081152648

0.0119517891

679

0.003021148

0.008021148

0.0119897579

669

0.0029325513

0.0079325513

0.0120372554

659

0.0028490028

0.0078490028

0.0120939951

649

0.0027700831

0.0077700831

0.0121597545

639

0.0026954178

0.0076954178

0.0122343685

629

0.0026246719

0.0076246719

0.0123177252

619

0.0025575448

0.0075575448

0.0124097615

609

0.0024937656

0.0074937656

0.0125104601

599

0.00243309

0.00743309

0.0126198472

589

0.0023752969

0.0073752969

0.0127379912

579

0.0023201856

0.0073201856

0.0128650011

569

0.0022675737

0.0072675737

0.0130010263

559

0.0022172949

0.0072172949

0.0131462566

549

0.0021691974

0.0071691974

0.0133009228

539

0.0021231423

0.0071231423

0.0134652973

529

0.0020790021

0.0070790021

0.0136396957

519

0.0020366599

0.0070366599

0.0138244791

509

0.001996008

0.006996008

0.0140200561

499

0.0019569472

0.0069569472

0.0142268858

489

0.0019193858

0.0069193858

0.0144454818

479

0.0018832392

0.0068832392

0.0146764161

469

0.0018484288

0.0068484288

0.0149203243

459

0.001814882

0.006814882

0.015177911

449

0.0017825312

0.0067825312

0.0154499572

439

0.0017513135

0.0067513135

0.0157373275

429

0.0017211704

0.0067211704

0.0160409795

419

0.0016920474

0.0066920474

0.016361974

409

0.0016638935

0.0066638935

0.0167014875

399

0.0016366612

0.0066366612

0.0170608257

389

0.001610306

0.006610306

0.0174414405

379

0.0015847861

0.0065847861

0.0178449487

369

0.0015600624

0.0065600624

0.0182731543

359

0.0015360983

0.0065360983

0.0187280754

349

0.0015128593

0.0065128593

0.0192119743

339

0.001490313

0.006490313

0.019727395

329

0.0014684288

0.0064684288

0.0202772062

319

0.001447178

0.006447178

0.0208646537

309

0.0014265335

0.0064265335

0.0214934232

299

0.0014064698

0.0064064698

0.0221677154

289

0.0013869626

0.0063869626

0.0228923389

279

0.0013679891

0.0063679891

0.0236728218

269

0.0013495277

0.0063495277

0.0245155508

259

0.0013315579

0.0063315579

0.0254279435

249

0.0013140604

0.0063140604

0.026418663

239

0.0012970169

0.0062970169

0.0274978902

229

0.0012804097

0.0062804097

0.02867767

219

0.0012642225

0.0062642225

0.0299723565

209

0.0012484395

0.0062484395

0.0313991932

199

0.0012330456

0.0062330456

0.0329790774

189

0.0012180268

0.0062180268

0.0347375799

179

0.0012033694

0.0062033694

0.036706328

169

0.0011890606

0.0061890606

0.0389249097

159

0.0011750881

0.0061750881

0.0414435445

149

0.0011614402

0.0061614402

0.0443269078

139

0.0011481056

0.0061481056

0.0476597335

129

0.0011350738

0.0061350738

0.0515552418

119

0.0011223345

0.0061223345

0.056168206

109

0.0011098779

0.0061098779

0.0617159385

99

0.0010976948

0.0060976948

0.0685134252

89

0.0010857763

0.0060857763

0.0770351434

79

0.0010741139

0.0060741139

0.0880306356

69

0.0010626993

0.0060626993

0.1027576145

59

0.0010515247

0.0060515247

0.1235005043

49

0.0010405827

0.0060405827

0.1548867366

39

0.0010298661

0.0060298661

0.2079264178

29

0.001019368

0.006019368

0.3168088417

19

0.0010090817

0.0060090817

0.6676757484

9



JUVNUTRNX10

		1		1

		11		11

		21		21

		31		31

		41		41

		51		51

		61		61

		71		71

		81		81

		91		91

		101		101

		111		111

		121		121

		131		131

		141		141

		151		151

		161		161

		171		171

		181		181

		191		191

		201		201

		211		211

		221		221

		231		231

		241		241

		251		251

		261		261

		271		271

		281		281

		291		291

		301		301

		311		311

		321		321

		331		331

		341		341

		351		351

		361		361

		371		371

		381		381

		391		391

		401		401

		411		411

		421		421

		431		431

		441		441

		451		451

		461		461

		471		471

		481		481

		491		491

		501		501

		511		511

		521		521

		531		531

		541		541

		551		551

		561		561

		571		571

		581		581

		591		591

		601		601

		611		611

		621		621

		631		631

		641		641

		651		651

		661		661

		671		671

		681		681

		691		691

		701		701

		711		711

		721		721

		731		731

		741		741

		751		751

		761		761

		771		771

		781		781

		791		791

		801		801

		811		811

		821		821

		831		831

		841		841

		851		851

		861		861

		871		871

		881		881

		891		891

		901		901

		911		911

		921		921

		931		931

		941		941

		951		951

		961		961

		971		971

		981		981

		991		991



no interaction

quadratic effect

adults per year

nutrients per juvenile

Juvenile Nutrition (10X expanded vertical scale)

1.005

1.006006006

0.0959090909

0.096975825

0.0526190476

0.0537477504

0.0372580645

0.038450015

0.0293902439

0.0306467611

0.0246078431

0.0259302878

0.0213934426

0.022783219

0.019084507

0.0205430646

0.017345679

0.0188745147

0.015989011

0.0175896711

0.0149009901

0.0165750724

0.014009009

0.0157581654

0.0132644628

0.0150904014

0.0126335878

0.0145380757

0.0120921986

0.0140770647

0.0116225166

0.0136896544

0.0112111801

0.0133625508

0.0108479532

0.0130855889

0.0105248619

0.0128508692

0.0102356021

0.0126521658

0.0099751244

0.0124845111

0.0097393365

0.0123438992

0.0095248869

0.0122270692

0.0093290043

0.012131345

0.0091493776

0.0120545159

0.0089840637

0.0119947447

0.0088314176

0.0119504975

0.0086900369

0.0119204896

0.0085587189

0.0119036424

0.0084364261

0.0118990495

0.0083222591

0.0119059501

0.0082154341

0.0119237069

0.0081152648

0.0119517891

0.008021148

0.0119897579

0.0079325513

0.0120372554

0.0078490028

0.0120939951

0.0077700831

0.0121597545

0.0076954178

0.0122343685

0.0076246719

0.0123177252

0.0075575448

0.0124097615

0.0074937656

0.0125104601

0.00743309

0.0126198472

0.0073752969

0.0127379912

0.0073201856

0.0128650011

0.0072675737

0.0130010263

0.0072172949

0.0131462566

0.0071691974

0.0133009228

0.0071231423

0.0134652973

0.0070790021

0.0136396957

0.0070366599

0.0138244791

0.006996008

0.0140200561

0.0069569472

0.0142268858

0.0069193858

0.0144454818

0.0068832392

0.0146764161

0.0068484288

0.0149203243

0.006814882

0.015177911

0.0067825312

0.0154499572

0.0067513135

0.0157373275

0.0067211704

0.0160409795

0.0066920474

0.016361974

0.0066638935

0.0167014875

0.0066366612

0.0170608257

0.006610306

0.0174414405

0.0065847861

0.0178449487

0.0065600624

0.0182731543

0.0065360983

0.0187280754

0.0065128593

0.0192119743

0.006490313

0.019727395

0.0064684288

0.0202772062

0.006447178

0.0208646537

0.0064265335

0.0214934232

0.0064064698

0.0221677154

0.0063869626

0.0228923389

0.0063679891

0.0236728218

0.0063495277

0.0245155508

0.0063315579

0.0254279435

0.0063140604

0.026418663

0.0062970169

0.0274978902

0.0062804097

0.02867767

0.0062642225

0.0299723565

0.0062484395

0.0313991932

0.0062330456

0.0329790774

0.0062180268

0.0347375799

0.0062033694

0.036706328

0.0061890606

0.0389249097

0.0061750881

0.0414435445

0.0061614402

0.0443269078

0.0061481056

0.0476597335

0.0061350738

0.0515552418

0.0061223345

0.056168206

0.0061098779

0.0617159385

0.0060976948

0.0685134252

0.0060857763

0.0770351434

0.0060741139

0.0880306356

0.0060626993

0.1027576145

0.0060515247

0.1235005043

0.0060405827

0.1548867366

0.0060298661

0.2079264178

0.006019368

0.3168088417

0.0060090817

0.6676757484



JUVENUTRN

		1		1

		11		11

		21		21

		31		31

		41		41

		51		51

		61		61

		71		71

		81		81

		91		91

		101		101

		111		111

		121		121

		131		131

		141		141

		151		151

		161		161

		171		171

		181		181

		191		191

		201		201

		211		211

		221		221

		231		231

		241		241

		251		251

		261		261

		271		271

		281		281

		291		291

		301		301

		311		311

		321		321

		331		331

		341		341

		351		351

		361		361

		371		371

		381		381

		391		391

		401		401

		411		411

		421		421

		431		431

		441		441

		451		451

		461		461

		471		471

		481		481

		491		491

		501		501

		511		511

		521		521

		531		531

		541		541

		551		551

		561		561

		571		571

		581		581

		591		591

		601		601

		611		611

		621		621

		631		631

		641		641

		651		651

		661		661

		671		671

		681		681

		691		691

		701		701

		711		711

		721		721

		731		731

		741		741

		751		751

		761		761

		771		771

		781		781

		791		791

		801		801

		811		811

		821		821

		831		831

		841		841

		851		851

		861		861

		871		871

		881		881

		891		891

		901		901

		911		911

		921		921

		931		931

		941		941

		951		951

		961		961

		971		971

		981		981

		991		991



no interaction

quadratic effect

adults per year

nutrients per juvenile

Juvenile Nutrition

1.005

1.006006006

0.0959090909

0.096975825

0.0526190476

0.0537477504

0.0372580645

0.038450015

0.0293902439

0.0306467611

0.0246078431

0.0259302878

0.0213934426

0.022783219

0.019084507

0.0205430646

0.017345679

0.0188745147

0.015989011

0.0175896711

0.0149009901

0.0165750724

0.014009009

0.0157581654

0.0132644628

0.0150904014

0.0126335878

0.0145380757

0.0120921986

0.0140770647

0.0116225166

0.0136896544

0.0112111801

0.0133625508

0.0108479532

0.0130855889

0.0105248619

0.0128508692

0.0102356021

0.0126521658

0.0099751244

0.0124845111

0.0097393365

0.0123438992

0.0095248869

0.0122270692

0.0093290043

0.012131345

0.0091493776

0.0120545159

0.0089840637

0.0119947447

0.0088314176

0.0119504975

0.0086900369

0.0119204896

0.0085587189

0.0119036424

0.0084364261

0.0118990495

0.0083222591

0.0119059501

0.0082154341

0.0119237069

0.0081152648

0.0119517891

0.008021148

0.0119897579

0.0079325513

0.0120372554

0.0078490028

0.0120939951

0.0077700831

0.0121597545

0.0076954178

0.0122343685

0.0076246719

0.0123177252

0.0075575448

0.0124097615

0.0074937656

0.0125104601

0.00743309

0.0126198472
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Summary

The nutrient flux carried by adults is just one of three 
natural fluxes of similar magnitude.

The anthropogenic flux of nutrients is significant.

Any MDN model for the input of nutrients by adults 
has to take into account the export of nutrients by 
smolts and anthropogenic inputs need to be included 
in any enrichment scheme.



Interpretation

For relatively small spawning runs –
carcass additions should not be necessary 
the background flux should be sufficient.



Interpretation (continued) 

Carcasses are important ONCE there are 
juveniles present but the returning adults 
should be sufficient.  

The lowest nutrient availability per juvenile 
occurs at the peak spawning success 
(maximum number of juveniles survive). 



Additional Implications 

A small class of spawners is expected to result 
in good survival and growth, which could 
result in a net export of nutrients with the 
smolts

This possibility was noted by Scheuerell, Levin, 
et al., 2005, who concluded that this meant 
nutrient supplementation was especially 
important at low spawner densities



Potential Consequences of Applying 
the Wrong Model

Increasing the density of salmon carcasses 
without a corresponding increase in the number 
of smolts moving downstream will lead to 
increased nutrient densities in the region where 
the carcasses are added and an increased 
spiraling flux of nutrients downstream (that is 
assuming that there is a longer residence time for nutrients 
in the stream in the absence of salmon than there is with 
salmon present and smolt migration).



Potential Consequences of Applying 
the Wrong Model

1) The additional nutrients will support other species in the 
stream (e.g. resident trout and small fish or algae).

2) These species will prey on fry or compete with juveniles 
more.

3) Shift ecosystem from a salmon stream to a stream 
dominated by resident species.

4) Raise nutrient levels to point that areas with adequate 
sunlight grow enough phytoplankton to create severe 
swings in dissolved oxygen (areas without sunlight could 
also become low dissolved oxygen due to bacterial 
utilization of carcass material).



Potential Consequences of Applying 
the Wrong Model

5) The nutrient spiral will add to any 
nutrient excesses caused by human 
utilization of the lower basin.

Development of a TMDL for nutrients will 
require a reduction of inputs, which 
would require additional reductions from 
other sources to offset nutrient 
introductions for salmon restoration.  



Distinguishing Between Restoration 
and Aquaculture

An aquaculture model will result in the run 
returning to the level prior to intervention upon 
cessation of supplementation.
A restoration model should lead to the condition 
that terminating human intervention will not result 
in a return of the salmon run to the levels before 
intervention.



Restoration versus Aquaculture

If the activity qualifies as aquaculture, a 
wastewater discharge permit may be required 

If the activity is truly restoration, other oversight 
mechanisms can be used



Needs

Flesh out the stick figure model I have presented with data 
on smolt out migration rates and natural nutrient fluxes.

The impact of releasing masses of hatchery reared smolts 
needs to be included in any attempt to fully quantify the 
nutrient cycle.  Do they die before exiting the stream and add 
nutrients or do they feed during the journey and mine the 
stream of nutrients?.

The ecology associated with spawning salmon needs to be 
understood in greater detail.



The ecology associated with spawning salmon 
needs to be understood in greater detail.

What characteristics distinguish starved from 
healthy from over-enriched photosynthetic and 
invertebrate communities.

Develop criteria for when nutrient (or calorie) 
additions are required and when corrective actions 
to reduce nutrient inputs are needed which reflect 
conditions in the watershed, not just the 
observation that the spawning runs are depleted.



Suggestions (if salmon carcass 
placement is to continue):

Concentrate the available carcasses (resources) in 
a few streams and use the others for controls.

Measure productivity of supplemented and un-
supplemented streams for several generations, 
then switch treatments for half of the control 
streams.  The response should distinguish 
between whether the carcass placement functions 
as aquaculture or restoration. 



Comment:

The differences in juvenile lifestyles and one shot versus 
multiple spawning can be used to increase the 
understanding of the importance of salmon carcasses.

There have been a number of studies of the impact of adding 
salmon carcasses or carcass analogs to streams which have 
not produced measurable results.  There are two likely 
causes: the addition was small compared to the natural flux 
(i.e. the result was inherently not measurable) and nutrients 
were not the limiting factor, other considerations (e.g., 
rearing habitat) were more important to their survival and 
growth. 
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