The sustainability of salmon and
the fisheries that depend on them:
Lessons from Brlstol Bay
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Theme: The importance of geographical
scale in organizing the dynamics and
structure of salmon populations, and the
fisheries that depend on them

o Alaska

 Bristol Bay

e Five commercial districts

e One or more watersheds in each district
e One or several lakes in each watershed

e Different types of breeding habitats

o Different populations in each stream, etc.



Commercial catches of all salmon species
In Alaska (AK Dept. of Fish and Game data)
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Catches (1000s) of salmon
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Alaska catches1878-2001

		Year		Chinook		Sockeye		Coho		Pink		Chum		All		remarks																												Year		all millions		All

		1878		0		0		0		0		0		56		catches reported in thousands																												1900		22		21550

		1879		0		0		0		0		0		70																														1901		27		27169

		1880		0		0		0		0		0		68																														1902		32		31798

		1881		0		0		0		0		0		92																														1903		30		30100

		1882		0		59		0		0		0		179																														1904		29		28636

		1883		0		297		0		0		0		297																														1905		27		27261

		1884		0		425		0		0		0		429																														1906		31		31318

		1885		0		495		0		0		0		641																														1907		35		34648

		1886		0		765		0		0		0		1,274																														1908		42		42301

		1887		0		1,303		0		0		0		2,061																														1909		35		34944

		1888		0		3,230		16		0		0		4,184																														1910		33		33373

		1889		0		5,296		11		92		0		6,609																														1911		44		44312

		1890		5		5,344		44		0		0		6,628																														1912		63		63145

		1891		6		6,276		24		0		0		7,697																														1913		59		59314

		1892		0		4,433		15		8		0		5,119																														1914		55		54983

		1893		89		6,492		501		187		0		7,268																														1915		64		63662

		1894		47		7,502		430		529		0		8,509																														1916		70		69751

		1895		68		6,128		788		606		0		7,590																														1917		92		91573

		1896		59		8,900		603		1,976		3		11,540																														1918		102		102048

		1897		61		8,763		483		3,716		7		13,030																														1919		57		57375

		1898		54		10,372		451		1,996		29		12,901																														1920		64		64074

		1899		98		10,615		481		3,160		7		14,362																														1921		39		38577

		1900		110		16,534		440		4,432		34		21,550																														1922		72		72281

		1901		168		18,582		301		8,118		0		27,169																														1923		78		77995

		1902		175		22,056		519		9,058		0		31,798																														1924		82		82188

		1903		201		22,735		901		6,263		0		30,100																														1925		64		64151

		1904		174		21,108		774		6,183		396		28,636																														1926		97		96792

		1905		226		21,400		564		3,351		1,720		27,261																														1927		48		47524

		1906		215		19,489		984		9,002		1,628		31,318																														1928		88		87741

		1907		296		19,058		851		12,578		1,864		34,648																														1929		71		71112

		1908		229		24,388		730		14,671		2,285		42,301																														1930		80		80082

		1909		312		23,236		560		9,756		1,079		34,944																														1931		70		69635

		1910		329		19,027		984		10,725		2,308		33,373																														1932		72		72203

		1911		318		17,535		1,216		22,006		3,238		44,312																														1933		80		79632

		1912		559		28,619		1,499		26,398		6,069		63,145																														1934		113		113438

		1913		508		28,373		796		26,778		2,859		59,314																														1935		72		71506

		1914		501		30,091		1,334		16,731		6,326		54,983																														1936		126		126447

		1915		542		25,787		1,240		31,399		4,694		63,662																														1937		109		108695

		1916		493		29,744		2,440		29,831		7,243		69,751																														1938		101		100717

		1917		535		37,440		1,901		43,326		8,371		91,573																														1939		78		78347

		1918		591		35,210		2,390		50,028		13,829		102,048																														1940		85		84806

		1919		967		16,505		2,460		25,767		11,675		57,375																														1941		104		103616

		1920		671		20,358		1,993		30,312		10,740		64,074																														1942		81		80850

		1921		657		26,210		1,088		7,899		2,722		38,577																														1943		87		86724

		1922		505		33,581		1,765		31,233		5,198		72,281																														1944		70		70132

		1923		935		26,972		1,717		43,448		4,924		77,995																														1945		75		74872

		1924		1,014		19,265		1,984		50,336		9,589		82,188																														1946		72		72463

		1925		798		15,225		1,972		35,446		10,710		64,151																														1947		70		69866

		1926		662		31,136		2,260		53,747		8,987		96,792																														1948		58		58166

		1927		875		17,009		2,720		21,814		5,106		47,524																														1949		78		78176

		1928		585		27,154		3,634		47,182		9,186		87,741																														1950		45		44821

		1929		741		19,948		2,127		39,814		8,482		71,112																														1951		50		49511

		1930		842		10,394		3,645		59,345		5,856		80,082																														1952		48		48040

		1931		619		20,861		1,967		40,583		5,605		69,635																														1953		37		37049

		1932		841		25,401		2,059		35,823		8,079		72,203																														1954		44		44304

		1933		584		31,182		1,933		38,940		6,993		79,632																														1955		40		39630

		1934		521		30,194		2,683		72,801		7,239		113,438																														1956		51		50596

		1935		757		10,249		2,266		49,836		8,398		71,506																														1957		34		34375

		1936		839		34,358		2,705		77,424		11,121		126,447																														1958		41		41007

		1937		1,038		31,117		1,981		66,283		8,276		108,695																														1959		25		25133

		1938		902		34,703		2,871		54,475		7,766		100,717																														1960		42		42489

		1939		783		24,805		1,549		44,139		7,071		78,347																														1961		45		45036

		1940		543		11,683		2,993		60,766		8,821		84,806																														1962		63		62810

		1941		809		14,588		3,937		77,840		6,442		103,616																														1963		47		47478

		1942		730		12,859		3,900		54,610		8,751		80,850																														1964		66		65725

		1943		624		26,991		2,391		47,249		9,469		86,724																														1965		56		56340

		1944		467		19,291		2,252		37,741		10,381		70,132																														1966		64		64041

		1945		600		15,010		3,486		47,783		7,993		74,872																														1967		21		20889

		1946		722		14,233		3,657		46,644		7,207		72,463																														1968		62		62301

		1947		724		25,989		2,481		34,450		6,222		69,866																														1969		42		41909

		1948		681		19,879		2,957		27,250		7,399		58,166																														1970		68		68454

		1949		694		11,837		2,979		57,006		5,660		78,176																														1971		47		47497

		1950		655		14,374		2,416		19,974		7,402		44,821																														1972		32		31959

		1951		790		9,653		4,031		28,426		6,611		49,511																														1973		22		22314

		1952		735		16,929		2,376		19,862		8,138		48,040																														1974		22		21882

		1953		713		11,793		1,580		15,671		7,292		37,049																														1975		26		26229

		1954		608		9,639		2,533		22,890		8,634		44,304																														1976		44		44424

		1955		585		8,711		1,855		24,825		3,654		39,630																														1977		51		50812

		1956		456		14,783		1,513		26,421		7,423		50,596																														1978		82		82288

		1957		518		9,891		1,630		13,754		8,582		34,375																														1979		89		88763

		1958		552		6,104		1,607		26,099		6,645		41,007																														1980		110		110013

		1959		607		8,077		1,433		10,930		4,086		25,133																														1981		113		113334

		1960		547		17,834		1,404		16,079		6,625		42,489																														1982		112		111580

		1961		504		16,081		1,314		21,506		5,631		45,036																														1983		128		127706

		1962		461		9,297		2,039		43,864		7,149		62,810																														1984		134		133643

		1963		501		6,215		2,022		34,276		4,464		47,478																														1985		147		146749

		1964		639		9,966		2,558		45,291		7,271		65,725																														1986		129		128916

		1965		581		29,770		1,998		20,347		3,644		56,340																														1987		97		96619

		1966		540		15,073		1,921		40,051		6,456		64,041																														1988		101		100559

		1967		611		8,576		1,489		6,559		3,654		20,889																														1989		154		154064

		1968		611		8,130		2,751		44,727		6,082		62,301																														1990		155		155164

		1969		639		11,417		1,133		25,767		2,953		41,909																														1991		188		188402

		1970		646		27,634		1,527		31,147		7,500		68,454																														1992		137		136804

		1971		662		14,180		1,448		23,528		7,679		47,497																														1993		193		192900

		1972		553		6,590		1,831		15,920		7,065		31,959																														1994		196		195862

		1973		551		4,490		1,457		9,801		6,015		22,314																														1995		218		217795

		1974		557		4,878		1,859		9,859		4,729		21,882																														1996		175		175370

		1975		455		7,453		1,014		12,984		4,323		26,229																														1997		123		123140

		1976		533		11,783		1,432		24,751		5,925		44,424																														1998		152		151820

		1977		621		12,460		1,815		28,587		7,329		50,812																														1999		217		216610

		1978		836		18,138		2,820		53,815		6,679		82,288																														2000		137		137150

		1979		830		28,723		3,245		50,136		5,829		88,763																														2001		173		173340

		1980		676		33,308		3,135		63,282		9,612		110,013																														2002		131		131374

		1981		823		36,343		3,527		60,017		12,624		113,334																														2003		178		177998

		1982		854		28,832		5,976		64,828		11,090		111,580																														2004		168		167583

		1983		814		52,725		3,614		60,337		10,216		127,706																														2005		206		206115

		1984		656		38,351		5,312		76,240		13,084		133,643

		1985		706		39,453		5,695		90,341		10,554		146,749

		1986		617		32,207		6,293		77,289		12,510		128,916

		1987		682		35,430		3,493		46,488		10,526		96,619

		1988		590		30,038		4,473		50,357		15,101		100,559

		1989		576		44,117		4,649		96,827		7,895		154,064

		1990		669		52,769		5,476		88,242		8,008		155,164

		1991		615		45,048		5,303		128,159		9,277		188,402

		1992		606		58,283		7,095		60,597		10,223		136,804

		1993		667		64,314		6,050		109,631		12,238		192,900

		1994		640		52,816		9,551		116,720		16,135		195,862

		1995		663		63,532		6,471		128,333		18,796		217,795

		1996		500		49,860		5,870		97,900		21,240		175,370

		1997		660		31,090		3,190		71,960		16,240		123,140

		1998		580		22,720		4,680		104,770		19,070		151,820

		1999		430		45,120		4,590		145,990		20,480		216,610

		2000		360		33,500		4,200		74,800		24,290		137,150		table total says 137,163

		2001		340		26,400		4,700		126,530		15,370		173,340		table total says 173,350

		2002		584		22,211		5,059		87,310		16,210		131,374

		2003		634		30,912		4,208		124,251		17,993		177,998

		2004		816		44,839		5,463		99,933		16,531		167,582

		2005		662		43,007		4,662		146,931		10,853		206,115

		2006
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Alaska salmon catch



		Alaska's commercial salmon catches

		1878 through 1991 from Alaska Commercial Salmon Catches, 1878-1991, Regional Information Report No. 5J91-16,

		Edited by Phil Rigby, John McConnaughey & Herman Savikko, Alaska Dept. of Fish & Game, December 1991, 88p.

		Catches reported in thousands.

		The column "All" may not necessarily be the sum of each species combined for the early years

		because the catch may not necessarily have been broken down by species (remarks from report).  Later years, I

		summed up the catch, varied from the report occasionally by one or two fish due to

		what the report calls rounding errors. JJ 4/5/2002

		1992 - 1999 data from the Alaska Department of Fish & Game website page:

		http://www.cf.adfg.state.ak.us/geninfo/finfish/salmon/catchval/history/1970-99s.htm






Commercial catches of sockeye salmon

In Alaska (ADF&G data)
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Bristol Bay fish dominate the western

distribution of North American sockeye salmon
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Geographical scales:
Naknek-Kvichak district

Kvichak, Naknek, and Alagnak river drainages

!

lllamna Lake and Lake Clark (and other lakes)

]

River, creek, pond, mainland and island beach habitats

%/—/

About 100 discrete breeding sites in the Kvichak system



The eastern end of lliamna Lake,

about 100 km long
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Sockeye populations spawn on lake beaches:

1) Groundwater-fed beaches on shorelines and
at river outlets

2) Rocky beaches on low-lying islands




Fine substrate is typical on mainland beaches




Island beaches have no groundwater and large substrate







Kvichak Drainage:

Genetic differentiation
@ Nonvianuk (Alagnak)

lllamna

Lake Clark Kukaklek

(Alagnak)

< Tazmina h \>
/

Jim Seeb, ADF&G Microsatellite data only



The falls on the Newhalen River, draining Lake
Clark into lliamna Lake, may have been a bottleneck
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Adaptive variation in life history traits

» Age at maturity
» Size at age

» Morphology

» Spawning date

» Egg sizel/fecundity










Geography and population structure

 Population genetics are organized at the
watershed scale, reflecting post-glacial
colonization; contemporary gene flow is
primarily among similar habitats

e Life history traits reflect both:

— watershed conditions (e.g., growth rates
differ among lakes, affecting smolt age)

— spawning habitat (similar habitats produce
similar phenotypes in different watersheds)



Bristol Bay sockeye are a success story In

sustainable fisheries management

Catch in millions of fish

50

40

Assets
1 | One management

agency with clear
biological objectives

Good ocean
conditions since
about 1977

Elimination of high
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Population dynamics

* During the past century, Bristol Bay
sockeye runs have fluctuated with
climate processes

 However, districts, watersheds, and
habitat types have not responded
similarly to the changing conditions

* Thus the system as a whole Is more
stable than any component



Shifting catches in the three
major districts
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Egegik has boomed while Naknek-
Kvichak declined
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Total run, in thousands

Within one district, the Naknek-Kvichak,
the runs have varied dramatically
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While the Kvichak system’s once legendary
abundance levels have not been seen lately
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Within lliamna Lake, the habitats producing
most of the salmon have shifted over time
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		Year		Rivers		Creeks		Mainland		Islands

		1961		246		40		50		127

		1962		140		52		21		12

		1963		31		13		5		7

		1964		36		38		3		21

		1965		734		538		261		1352

		1966		248		153		134		46

		1967		370		63		85		16

		1968		131		64		14		64

		1969		192		168		40		102

		1970		790		574		216		506

		1971		177		194		27		50

		1972		89		50		15		9

		1973		35		18		6		6

		1974		294		269		72		122

		1975		936		440		225		412

		1976		144		55		19		45

		1977		124		20		88		28

		1978		510		100		42		6

		1979		1424		372		252		81

		1980		2189		317		77		201

		1981		187		85		16		20

		1982		255		68		27		9

		1983		743		123		75		9

		1984		1902		359		597		84

		1985		672		296		260		247

		1986		57		16		12		5

		1987		1313		111		397		123

		1988		481		123		116		15

		1989		386		88		31		8

		1990		138		50		19		26

		1991		196		111		18		19

		1992		198		151		35		19

		1993		225		128		42		10

		1994		506		231		41		30

		1995		554		187		50		244

		1996		177		42		22		12

		1997		255		68		106		13

		1998		138		69		34		16

		1999		336		127		23		22

		2000		102		54		22		14

		2001		154		49		12		05
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		Table 9.  Spawning ground estimates of sockeye salmon on  29 selected spawning grounds

				in Lake Iliamna and the Newhalen River system, 1956-2001.																								Don Rogers' file, from 2003 FRI annual report

										Aerial survey counts (1,000s)						Tower count		Aerial count/

								Beaches								escapement		Escapement		Aerial

		Year		Rivers		Creeks		Mainland		Island		Total				(1,000s)		(%)		observer

		56		775		--		--		--						9443				1

		57		170		--		--		--						2843				1

		58		44		--		--		--						535				1

		59		84		--		--		--						680				1

		60		841		--		--		--						14630				1

		61		246		40		50		127		463				3706		12.5		2

		62		140		52		21		12		225				2581		8.7		2

		63		31		13		5		7		56				339		16.5		2

		64		36		38		3		21		98				957		10.2		2

		65		734		538		261		1352		2885				24326		11.9		2

		66		248		153		134		46		581				3776		15.4		2

		67		370		63		85		16		534				3216		16.6		3

		68		131		64		14		64		273				2557		10.7		3

		69		192		168		40		102		502				8394		6.0		3

		70		790		574		216		506		2086				13935		15.0		3

		71		177		194		27		50		448				2387		18.8		3

		72		89		50		15		9		163				1010		16.1		3

		73		35		18		6		6		65				227		28.6		3

		74		294		269		72		122		757				4433		17.1		3

		75		936		440		225		412		2013				13140		15.3		3

		76		144		55		19		45		263				1965		13.4		3

		77		124		20		88		28		260				1341		19.4		3

		78		510		100		42		6		658				4149		15.9		3

		79		1424		372		252		81		2129				11218		19.0		3

		80		2189		317		77		201		2784				22505		12.4		3

		81		187		85		16		20		308				1754		17.6		3

		82		255		68		27		9		359				1135		31.6		3

		83		743		123		75		9		950				3570		26.6		3

		84		1902		359		597		84		2942				10491		28.0		4

		85		672		296		260		247		1475				7211		20.5		4

		86		57		16		12		5		90				1200		7.5		5

		87		1313		111		397		123		1944				6100		31.9		5

		88		481		123		116		15		735				4065		18.1		6

		89		386		88		31		8		513				8318		6.2		6

		90		138		50		19		26		233				6970		3.3		6

		91		196		111		18		19		344				4223		8.1		7

		92		198		151		35		19		403				4726		8.5		7

		93		225		128		42		10		405				4025		10.1		7

		94		506		231		41		30		808				8338		9.7		7

		95		554		187		50		244		1035				10039		10.3		7

		96		177		42		22		12		253				1451		17.4		7

		97		255		68		106		13		442				1504		29.4		7

		98		138		69		34		16		257				2296		11.2		7

		99		336		127		23		22		508				6196		8.2		8

		00		102		54		22		14		192				1828		10.5		8

		01		154		49		12		05		220				1096		20.1		8

		02														704

		Means

		61-66		239		139		79		261		718				5948		12.5		2				47.330547818

		67-83		505		175		76		99		856		0		5702		17.6		3				20.4920285871

		84-90		707		149		205		73		1133				6336		16.5		4,5,6				24.4578920827

		91-98		281		123		44		45		493				4575		13.1		7				18.0136812769

		99-01		197		77		19		14		307				3040		13		8				10.652173913

						5 year avg

		61		38.2289416847

		62		14.6666666667

		63		21.4285714286

		64		24.4897959184

		65		55.9098786828		30.9447708762

		66		30.9810671256

		67		18.9138576779

		68		28.5714285714

		69		28.2868525896

		70		34.6116970278		28.2729805985

		71		17.1875

		72		14.7239263804

		73		18.4615384615

		74		25.6274768824

		75		31.6443119722		21.5289507393

		76		24.3346007605

		77		44.6153846154

		78		7.2948328267

		79		15.641146078

		80		9.9856321839		20.3743192929

		81		11.6883116883

		82		10.0278551532

		83		8.8421052632

		84		23.1475186948

		85		34.3728813559		17.6157344311

		86		18.8888888889

		87		26.7489711934

		88		17.8231292517

		89		7.6023391813

		90		19.313304721		18.0753266473

		91		10.7558139535

		92		13.3995037221

		93		12.8395061728

		94		8.7871287129

		95		28.4057971014		14.8375499325

		96		13.4387351779

		97		26.9230769231

		98		19.4552529183

		99		8.8582677165

		00		18.75

		01		7.7272727273		15.8587675772






Thus at many spatial scales, productivity has
varied. Within one system, how synchronous are
patterns of productivity?

1) Assemble 60 years of stream-specific abundance
estimates

2) Use age at maturity data to build brood tables

3) Expand for the fishery using age-specific catch
rates

4) Estimate population-specific spawner-recruit
relationships to account for density-dependence

5) Look for correlations in the residuals from those
relationships

Lauren Rogers and
Daniel Schindler



The S — R relationships of discrete populations are
more correlated within than between lakes, and in a
smaller lake than a more complex, larger one
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Climate processes In freshwater and at sea
affect salmon survival and growth

Warm Phase Cool Phase

http://tao.atmos.washington.edu/pdo/



March - June air temperature

Environmental variation i1s evident In
long-term records

-1 r>=0.29

_2 — L 2

-3 - \ 4

-4 | | | |
1960 1970 1980 1990 2000



Warm conditions accelerate juvenile
sockeye salmon growth in lllamna Lake
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When fry grow rapidly, they tend to leave the lake after 1
rather than 2 years. Unfortunately, these young smolts
have much lower survival rates at sea than older smolts.

1

Proportion of age 1 smolts
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Average length of fry on Sept 1

Proportion of age 1  smolts
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data

		BIOLOGICALS																												ENVIRONMENTALS																GRAPHS

		BroodYear		Esc 10^6		Fry Yr		gm catch		avg lgth		smolt yr		1.x *10^6		2.x *10^6		% of brd yr as 1.		est#yrlngs		1.x lgth		2.x lgth		1. wt		2. wt		yr		ILI_Air (AvgJun)		KS AirT (Wtr)		smolt yr		avg wtr tmp		Yr		Ice off Day

		1961		3.7		1962		90		53		1963		8		250		0.0754716981		91		83		98		4.8		7.5		1962		51.17		15.1		1962		5.2		1962		152

		1962		2.6		1963		12		45		1964		28		98		0.2089552239		55		87		108		5.2		9.8		1963		46.92		20.7		1963		7.1		1963		153

		1963		0.3		1964		5		54		1965		4		106		0.8		2		90		109		6.8		11.3		1964		51.38		15.7		1964		2.7		1964		173

		1964		1		1965		7		62		1966		16		1		0.5517241379		12		94		114		7.4		12.6		1965		47.83		15.5		1965		5.3		1965		143

		1965		24.3		1966		170		53		1967		175		13		0.3451676529		424		86		118		5.9		14.2		1966		52.37		14		1966		1.8		1966		170

		1966		3.8		1967		67		57		1968		41		332		0.5540540541		45		88		104		5.5		9.2		1967		51.02		15.7		1967		7.6		1967		142

		1967		3.2		1968		78		62		1969		36		33		0.6666666667		28		92		109		5.7		10.6		1968		52.95		17.9		1968		6.9		1968		144

		1968		2.6		1969		43		62		1970		11		18		0.6470588235		24		91		110		6		11		1969		50.5		15.1		1969		6.1		1969		152

		1969		8.4		1970		386		61		1971		86		6		0.6142857143		86		90		111		5.8		11.1		1970		52.53		19.9		1970		10.3		1970		106

		1970		13.9		1971		127		44		1972		1		54		0.0051813472		368		80		106		4.2		10		1971		45.25		11.6		1971		2.6		1971		169

		1971		2.4		1972		4		50		1973		5		192		0.1923076923		52		86		97		5.1		8.3		1972				10.9		1972		4		1972		163

		1972		1		1973		3		58		1974		3		21						96		111		8.3		13.1		1973				16.4		1973		6.7		1973		157

		1973		0.2		1974		2		71		1975										98		122		8.4		16.4		1974				15.1		1974		8		1974		146

		1974		4.4		1975		491		54		1976		108		3		0.4864864865		60		88		121		5.8		14.2		1975				10.2		1975		4.4		1975		162

		1975		13.1		1976		252		49		1977		78		114		0.2680412371		255		86		106		5.5		10.1		1976		49.47		11.6		1976		4.3		1976		158

		1976		2		1977		16		53		1978		32		213		0.5517241379		24		88		97		6		7.8		1977		51.75		25.4		1977		7.6		1977		92

		1977		1.3		1978		11		61		1979		29		26		0.7435897436		9		90		109		6		10.3		1978		51.08		20.7		1978		9.5		1978		130

		1978		4.1		1979		339		62		1980		182		10		0.8504672897		16		88		110		5.9		10.7		1979		52.03		24.9		1979		9.2		1979		129

		1979		11.2		1980		282		53		1981		220		32		0.71197411		86		85		108		5.5		10.2		1980		51.12		18.2		1980		7.3		1980		140

		1980		22.5		1981		134		61		1982		150		89		0.6637168142		202		84		103		5.1		9.1		1981		52.55		23.5		1981		9.2		1981		75

		1981		1.8		1982		37		52		1983		7		76		0.1555555556		40		80		98		4.9		8.5		1982		49.03		18		1982		6.4		1982		147

		1982		1.1		1983		9		68		1984		52		38		0.962962963		1		90		104		6.8		10		1983		53		22.8		1983		9.3		1983		137

		1983		3.6		1984		242		64		1985		24		2		0.3116883117		66		85		102		5.3		9.2		1984		53.77		21.8		1984		9.2		1984		122

		1984		10.5		1985		147		46		1986		84		53		0.2028985507		223		88		107		5.5		10.4		1985		47.72		22.6		1985		3.9		1985		156

		1985		7.2		1986		63		54		1987		11		330		0.112244898		170		82		96		4.5		7		1986		49.02		23.9		1986		7.7		1986		132

		1986		1.2		1987		10		60		1988		13		87		0.65		11		86		99		5.6		8.3		1987		49.77		26.4		1987		7.5		1987		82

		1987		6.1		1988		79		63		1989		147		7		0.7819148936		35		85		109		5.5		10.8		1988		53.05		20.6		1988		7.7		1988

		1988		4.1		1989		22		58		1990		47		41		0.5802469136		46		86		105		5.8		10.5		1989		51.65		16.8		1989		6.4		1989

		1989		8.3		1990		181		55		1991		87		34		0.5878378378		91		85		105		5.5		9.9		1990		52.37		15.6		1990		8.6		1990		142

		1990		7		1991		336		54		1992		18		61		0.0737704918		173		84		100		5.6		9.3		1991		49.94		19		1991		6.3		1991

		1991		4.2		1992				56		1993		22		226		0.4230769231		65		86		97		6		8.4		1992		51.78		16.2		1992		8.6		1992		125

		1992		4.7		1993		135		57		1994		54		30		0.8307692308		21		84		102		5.6		9.7		1993		54.12		22.3		1993		8.2		1993		123

		1993		4		1994		64		57		1995		210		11		0.6862745098		33		86		105		6.1		10.3		1994		52.6		21.8		1994		7		1994		125

		1994		8.3		1995		83		55		1996		277		96		0.7466307278		56		87		110		6.4		11.5		1995		52.14		18.7		1995		9.1		1995		142

		1995		10		1996		126		62		1997		269		94		0.7231182796		74		88		107		6.6		11.8		1996		52.85		21.1		1996		7.2		1996		126

		1996		1.5		1997		23		67		1998		192		103		0.9411764706		2		89		113		6.5		12.6		1997		54.67		19.2		1997		9.9		1997		128

		1997		1.5		1998						1999		131		12		0.8459272638		6		86		110		5.6		10.8		1998				17.1		1998		7.9		1998		117

		1998		2.3		1999		57		46		2000		106.178999		23.85965		0.5290987075		29		86		103		5.8		9.5		1999		50.75				1999		3.7		1999		148

		1999		6.2		2000		54		54		2001		231		94.5						78		102		4.2		8.5		2000		50.63				2000		8.3		2000		126

		2000		1.8		2001		159		58		2002										80.9								2001		54.12				2001		8.8

		2001		1.1		2002		4		57																				2002		52.57

		2002		0.7		2003																								2003		52.13

		2003		1.8		2004																								2004		54.25

		2004		5.5		2005

		2005				2006





data

		



KS Avg Wtr Air Temp

Day Ice Off



ctch_esc

		



fry size sept1

smolt size 1.x



esc

		



ice off day

fry size sept1

1962-2000



est yrlng

		



spr wtr temp

fry size sept1

1962-2001



ice off

		



mean fry length sept1

% 1.smolt

1962-2000



spr wtr

		



Day Ice Off

1962-2000



spr air

		



parent escapement

1. smolt exodus

1961-2000



wtr air

		



parent escapement

geo mn catch fry

1962-2000



esc_ice

		



geo mn catch fry

1. smolt exodus

1962-2000



esc_spr wtr

		



day ice off

spring water temp

1962-2000



esc_spr air

		



estimated abundance of yrlngs

avg fry length

1963-2000



fry lgth_%1.

		



est # yrlngs

avg wt 2. smolts

1963-2000



spr air_%1.

		



Iliamna average June air temperature

Average fry size on Sept. 1



		



June air temperature



		



Average length of fry on Sept 1

Proportion of age 1  smolts



		Fry Yr		gm catch		Esc-1yr

		1962		90		3.7

		1963		12		2.6

		1964		5		0.3

		1965		7		1

		1966		170		24.3

		1967		67		3.8

		1968		78		3.2

		1969		43		2.6

		1970		386		8.4

		1971		127		13.9

		1972		4		2.4

		1973		3		1

		1974		2		0.2

		1975		491		4.4

		1976		252		13.1

		1977		16		2

		1978		11		1.3

		1979		339		4.1

		1980		282		11.2

		1981		134		22.5

		1982		37		1.8

		1983		9		1.1

		1984		242		3.6

		1985		147		10.5

		1986		63		7.2

		1987		10		1.2

		1988		79		6.1

		1989		22		4.1

		1990		181		8.3

		1991		336		7

		1992				4.2

		1993		135		4.7

		1994		64		4

		1995		83		8.3

		1996		126		10

		1997		23		1.5

		1998				1.5

		1999		57		2.3

		2000		54		6.2

		2001		159		1.8

		2002		4		1.1

		2003				0.7

		2004				1.8





		



escapemnt

geo mn catch fry



		3.7		0.2

		2.6		0.3

		0.3		1

		1		1

		24.3		1.1

		3.8		1.1

		3.2		1.2

		2.6		1.3

		8.4		1.5

		13.9		1.8

		2.4		1.8

		1		2

		0.2		2.3

		4.4		2.4

		13.1		2.6

		2		2.6

		1.3		3.2

		4.1		3.6

		11.2		3.7

		22.5		3.8

		1.8		4

		1.1		4.1

		3.6		4.1

		10.5		4.4

		7.2		4.7

		1.2		6.1

		6.1		6.2

		4.1		7

		8.3		7.2

		7		8.3

				8.3

		4.7		8.4

		4		10

		8.3		10.5

		10		11.2

		1.5		13.9

				13.1

		2.3		22.5

		6.2		24.3

		1.8

		1.1



escapement

gm fry catch

RickerFit '62-01

90

8.5580791987

12

12.7352856565

5

40.1490570095

7

40.1490570095

170

43.8136227985

67

43.8136227985

78

47.4175222161

43

50.9614871565

386

57.8725022884

127

67.8073697235

4

67.8073697235

3

74.1509380978

2

83.2602827701

491

86.1910988724

252

91.8981534242

16

91.8981534242

11

107.8276643462

339

117.502536683

282

119.8084904354

134

122.0704650759

37

126.4646815747

9

128.5980107689

242

128.5980107689

147

134.7492826614

63

140.5384096703

10

163.1559207368

79

164.5151218273

22

174.2774583939

181

176.4241099261

336

186.3184944427

186.3184944427

135

187.0674776257

64

196.0546249673

83

197.8208407377

126

199.566977651

23

199.7542280703

200.6427317654

57

163.0049973212

54

152.5334253179

159

4



		Year		FryLength		Esc-1yr

		1962		53		3.7

		1963		45		2.6

		1964		54		0.3

		1965		62		1

		1966		53		24.3

		1967		57		3.8

		1968		62		3.2

		1969		62		2.6

		1970		61		8.4

		1971		44		13.9

		1972		50		2.4

		1973		58		1

		1974		71		0.2

		1975		54		4.4

		1976		49		13.1

		1977		53		2

		1978		61		1.3

		1979		62		4.1

		1980		53		11.2

		1981		61		22.5

		1982		52		1.8

		1983		68		1.1

		1984		64		3.6

		1985		46		10.5

		1986		54		7.2

		1987		60		1.2

		1988		63		6.1

		1989		58		4.1

		1990		55		8.3

		1991		54		7

		1992		56		4.2

		1993		57		4.7

		1994		57		4

		1995		55		8.3

		1996		62		10

		1997		67		1.5

		1998				1.5

		1999		46		2.3

		2000		54		6.2

		2001		58		1.8

		2002		57		1.1

		2003		xx		0.7

		2004		xx		1.8





		



escapement

fry length sept1



		Year		FryLength		est#yrlngs

		1962		53		91

		1963		45		55

		1964		54		2

		1965		62		12

		1966		53		424

		1967		57		45

		1968		62		28

		1969		62		24

		1970		61		86

		1971		44		368

		1972		50		52

		1973		58

		1974		71

		1975		54		60

		1976		49		255

		1977		53		24

		1978		61		9

		1979		62		16

		1980		53		86

		1981		61		202

		1982		52		40

		1983		68		1

		1984		64		66

		1985		46		223

		1986		54		170

		1987		60		11

		1988		63		35

		1989		58		46

		1990		55		91

		1991		54		173

		1992		56		65

		1993		57		21

		1994		57		33

		1995		55		56

		1996		62		74

		1997		67		2

		1998				6

		1999		46		29

		2000		54

		2001		58

		2002		57

		2003		xx

		2004		xx





		



est yrlng abundance May

fry length sept1



		Year		FryLength		Ice off Day

		1962		53		152

		1963		45		153

		1964		54		173

		1965		62		143

		1966		53		170

		1967		57		142

		1968		62		144

		1969		62		152

		1970		61		106

		1971		44		169

		1972		50		163

		1973		58		157

		1974		71		146

		1975		54		162

		1976		49		158

		1977		53		92

		1978		61		130

		1979		62		129

		1980		53		140

		1981		61		75

		1982		52		147

		1983		68		137

		1984		64		122

		1985		46		156

		1986		54		132

		1987		60		82

		1988		63

		1989		58

		1990		55		142

		1991		54

		1992		56		125

		1993		57		123

		1994		57		125

		1995		55		142

		1996		62		126

		1997		67		128

		1998				117

		1999		46		148

		2000		54		126

		2001		58

		2002		57

		2003		xx

		2004		xx		115

		2005





		



day of year ice off

fry length sept1



		Year		FryLength		avg wtr tmp (Jun1-15)

		1962		53		5.2

		1963		45		7.1

		1964		54		2.7

		1965		62		5.3

		1966		53		1.8

		1967		57		7.6

		1968		62		6.9

		1969		62		6.1

		1970		61		10.3

		1971		44		2.6

		1972		50		4

		1973		58		6.7

		1974		71		8

		1975		54		4.4

		1976		49		4.3

		1977		53		7.6

		1978		61		9.5

		1979		62		9.2

		1980		53		7.3

		1981		61		9.2

		1982		52		6.4

		1983		68		9.3

		1984		64		9.2

		1985		46		3.9

		1986		54		7.7

		1987		60		7.5

		1988		63		7.7

		1989		58		6.4

		1990		55		8.6

		1991		54		6.3

		1992		56		8.6

		1993		57		8.2

		1994		57		7

		1995		55		9.1

		1996		62		7.2

		1997		67		9.9

		1998				7.9

		1999		46		3.7

		2000		54		8.3

		2001		58		8.8

		2002		57

		2003		xx

		2004		xx

		2005





		



sprng wtr temp

fry length sept1



		Year		FryLength		ILI_Air (AvgJun)

		1962		53		51.17

		1963		45		46.92

		1964		54		51.38

		1965		62		47.83

		1966		53		52.37

		1967		57		51.02

		1968		62		52.95

		1969		62		50.5

		1970		61		52.53

		1971		44		45.25

		1972		50

		1973		58

		1974		71

		1975		54

		1976		49		49.47

		1977		53		51.75

		1978		61		51.08

		1979		62		52.03

		1980		53		51.12

		1981		61		52.55

		1982		52		49.03

		1983		68		53

		1984		64		53.77

		1985		46		47.72

		1986		54		49.02

		1987		60		49.77

		1988		63		53.05

		1989		58		51.65

		1990		55		52.37

		1991		54		49.94

		1992		56		51.78

		1993		57		54.12

		1994		57		52.6

		1995		55		52.14

		1996		62		52.85

		1997		67		54.67

		1998

		1999		46		50.75

		2000		54		50.63

		2001		58		54.12

		2002		57		52.57

		2003		xx		52.13

		2004		xx		54.25

		2005





		



avg sprng air temp

fry length sept1



		Year		FryLength		KS AirT (Wtr)

		1962		53		15.1

		1963		45		20.7

		1964		54		15.7

		1965		62		15.5

		1966		53		14

		1967		57		15.7

		1968		62		17.9

		1969		62		15.1

		1970		61		19.9

		1971		44		11.6

		1972		50		10.9

		1973		58		16.4

		1974		71		15.1

		1975		54		10.2

		1976		49		11.6

		1977		53		25.4

		1978		61		20.7

		1979		62		24.9

		1980		53		18.2

		1981		61		23.5

		1982		52		18

		1983		68		22.8

		1984		64		21.8

		1985		46		22.6

		1986		54		23.9

		1987		60		26.4

		1988		63		20.6

		1989		58		16.8

		1990		55		15.6

		1991		54		19

		1992		56		16.2

		1993		57		22.3

		1994		57		21.8

		1995		55		18.7

		1996		62		21.1

		1997		67		19.2

		1998				17.1

		1999		46

		2000		54

		2001		58

		2002		57

		2003		xx

		2004		xx

		2005





		



avg wntr air temp

fry length sept1



		Year		FryLength		Esc-1yr		Ice off Day

		1962		53		3.7		152

		1963		45		2.6		153

		1964		54		0.3		173

		1965		62		1		143

		1966		53		24.3		170

		1967		57		3.8		142

		1968		62		3.2		144

		1969		62		2.6		152

		1970		61		8.4		106

		1971		44		13.9		169

		1972		50		2.4		163

		1973		58		1		157

		1974		71		0.2		146

		1975		54		4.4		162

		1976		49		13.1		158

		1977		53		2		92

		1978		61		1.3		130

		1979		62		4.1		129

		1980		53		11.2		140

		1981		61		22.5		75

		1982		52		1.8		147

		1983		68		1.1		137

		1984		64		3.6		122

		1985		46		10.5		156

		1986		54		7.2		132

		1987		60		1.2		82

		1988		63		6.1

		1989		58		4.1

		1990		55		8.3		142

		1991		54		7

		1992		56		4.2		125

		1993		57		4.7		123

		1994		57		4		125

		1995		55		8.3		142

		1996		62		10		126

		1997		67		1.5		128

		1998				1.5		117

		1999		46		2.3		148

		2000		54		6.2		126

		2001		58		1.8

		2002		57		1.1

		2003		xx		0.7

		2004		xx		1.8		115

		2005





		Year		FryLength		Esc-1yr		avg wtr tmp

		1962		53		3.7		5.2

		1963		45		2.6		7.1

		1964		54		0.3		2.7

		1965		62		1		5.3

		1966		53		24.3		1.8

		1967		57		3.8		7.6

		1968		62		3.2		6.9

		1969		62		2.6		6.1

		1970		61		8.4		10.3

		1971		44		13.9		2.6

		1972		50		2.4		4

		1973		58		1		6.7

		1974		71		0.2		8

		1975		54		4.4		4.4

		1976		49		13.1		4.3

		1977		53		2		7.6

		1978		61		1.3		9.5

		1979		62		4.1		9.2

		1980		53		11.2		7.3

		1981		61		22.5		9.2

		1982		52		1.8		6.4

		1983		68		1.1		9.3

		1984		64		3.6		9.2

		1985		46		10.5		3.9

		1986		54		7.2		7.7

		1987		60		1.2		7.5

		1988		63		6.1		7.7

		1989		58		4.1		6.4

		1990		55		8.3		8.6

		1991		54		7		6.3

		1992		56		4.2		8.6

		1993		57		4.7		8.2

		1994		57		4		7

		1995		55		8.3		9.1

		1996		62		10		7.2

		1997		67		1.5		9.9

		1998				1.5		7.9

		1999		46		2.3		3.7

		2000		54		6.2		8.3

		2001		58		1.8		8.8

		2002		57		1.1

		2003		xx		0.7

		2004		xx		1.8

		2005





		Year		FryLength		Esc-1yr		ILI_Air (AvgJun)

		1962		53		3.7		51.17

		1963		45		2.6		46.92

		1964		54		0.3		51.38

		1965		62		1		47.83

		1966		53		24.3		52.37

		1967		57		3.8		51.02

		1968		62		3.2		52.95

		1969		62		2.6		50.5

		1970		61		8.4		52.53

		1971		44		13.9		45.25

		1972		50		2.4

		1973		58		1

		1974		71		0.2

		1975		54		4.4

		1976		49		13.1		49.47

		1977		53		2		51.75

		1978		61		1.3		51.08

		1979		62		4.1		52.03

		1980		53		11.2		51.12

		1981		61		22.5		52.55

		1982		52		1.8		49.03

		1983		68		1.1		53

		1984		64		3.6		53.77

		1985		46		10.5		47.72

		1986		54		7.2		49.02

		1987		60		1.2		49.77

		1988		63		6.1		53.05

		1989		58		4.1		51.65

		1990		55		8.3		52.37

		1991		54		7		49.94

		1992		56		4.2		51.78

		1993		57		4.7		54.12

		1994		57		4		52.6

		1995		55		8.3		52.14

		1996		62		10		52.85

		1997		67		1.5		54.67

		1998				1.5

		1999		46		2.3		50.75

		2000		54		6.2		50.63

		2001		58		1.8		54.12

		2002		57		1.1		52.57

		2003		xx		0.7		52.13

		2004		xx		1.8		54.25

		2005





		Year		FryLength		smolt yr		% of brd yr as 1.

		1962		53		1963		0.0754716981

		1963		45		1964		0.2089552239

		1964		54		1965		0.8

		1965		62		1966		0.5517241379

		1966		53		1967		0.3451676529

		1967		57		1968		0.5540540541

		1968		62		1969		0.6666666667

		1969		62		1970		0.6470588235

		1970		61		1971		0.6142857143

		1971		44		1972		0.0051813472

		1972		50		1973		0.1923076923

		1973		58		1974

		1974		71		1975

		1975		54		1976		0.4864864865

		1976		49		1977		0.2680412371

		1977		53		1978		0.5517241379

		1978		61		1979		0.7435897436

		1979		62		1980		0.8504672897

		1980		53		1981		0.71197411

		1981		61		1982		0.6637168142

		1982		52		1983		0.1555555556

		1983		68		1984		0.962962963

		1984		64		1985		0.3116883117

		1985		46		1986		0.2028985507

		1986		54		1987		0.112244898

		1987		60		1988		0.65

		1988		63		1989		0.7819148936

		1989		58		1990		0.5802469136

		1990		55		1991		0.5878378378

		1991		54		1992		0.0737704918

		1992		56		1993		0.4230769231

		1993		57		1994		0.8307692308

		1994		57		1995		0.6862745098

		1995		55		1996		0.7466307278

		1996		62		1997		0.7231182796

		1997		67		1998		0.9411764706

		1998				1999		0.8459272638

		1999		46		2000		0.5290987075

		2000		54

		2001		58

		2002		57

		2003		xx

		2004		xx





		



fry length sept1

%1.smolt next spring



		yr		ILI_Air (AvgJun)		smolt yr		% of brd yr as 1.

		1962		51.17		1963		0.0754716981

		1963		46.92		1964		0.2089552239

		1964		51.38		1965		0.8

		1965		47.83		1966		0.5517241379

		1966		52.37		1967		0.3451676529

		1967		51.02		1968		0.5540540541

		1968		52.95		1969		0.6666666667

		1969		50.5		1970		0.6470588235

		1970		52.53		1971		0.6142857143

		1971		45.25		1972		0.0051813472

		1972				1973		0.1923076923

		1973				1974

		1974				1975

		1975				1976		0.4864864865

		1976		49.47		1977		0.2680412371

		1977		51.75		1978		0.5517241379

		1978		51.08		1979		0.7435897436

		1979		52.03		1980		0.8504672897

		1980		51.12		1981		0.71197411

		1981		52.55		1982		0.6637168142

		1982		49.03		1983		0.1555555556

		1983		53		1984		0.962962963

		1984		53.77		1985		0.3116883117

		1985		47.72		1986		0.2028985507

		1986		49.02		1987		0.112244898

		1987		49.77		1988		0.65

		1988		53.05		1989		0.7819148936

		1989		51.65		1990		0.5802469136

		1990		52.37		1991		0.5878378378

		1991		49.94		1992		0.0737704918

		1992		51.78		1993		0.4230769231

		1993		54.12		1994		0.8307692308

		1994		52.6		1995		0.6862745098

		1995		52.14		1996		0.7466307278

		1996		52.85		1997		0.7231182796

		1997		54.67		1998		0.9411764706

		1998				1999		0.8459272638

		1999		50.75		2000		0.5290987075

		2000		50.63

		2001		54.12

		2002		52.57

		2003		52.13

		2004		54.25





		



spring air temp

%1.smolt next spring




The salmon display diversity and
variability but what about the fisheries?




Fisheries: The human biocomplexity

e 2000 drift gillnet boats (mobile but costly)
e 1000 shore-based “set net” permits

o Subsistence fisheries (very local)

« Commercial fisheries: 25 June to 15 July

e The huge runs (tens of millions), short
season, remote location, and big tides all
constrain the fishing and processing






Fisheries
management

 First a pre-season forecast

 Then a test fishery to

* A estimate run size and age
§ composition about a week

before fish enter the districts




Commercial catch sampling and
tower counts of the escapement
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District and in-river test fishing

'? Used to estimate the
— buildup of fish in a

i - commercial district since
the last opening, and the
number of fish between
the commercial fishery
and the escapement
tower, respectively.

Lots of scale reading for
age analysis, and lots of
stressful meetings




Helpful input from famous UW professors
1 |




A key to this sustainability Is
management by escapement goal

The fishery Is regulated to assure that a
target number of fish “escape” the
fishery to spawn, assuring the long term
oroductivity of the stock.

However, discrete breeding populations
cannot be managed separately, only
counted after the fisning is over.



Fishing rate

I\/Ilgratlon Size and age
timing at maturity

Fishing can have selective effects
within populations, and on entire
populations within a system



Proportion caught or escaping

The fishery tends to catch larger fish
(e.g., Nushagak district females, 1984)
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Body length (mm, mid-eye to tail fork)



Standardized selection differential

The fishery selection patterns have

changed over time
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04 - Nushagak district females
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until it is clear that the escapement goal will be

Proportion of the run caught

Fishing may be restricted early in the season

1.0
0.9 -
0.8 -
0.7 -
0.6 -
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0.0 BammET
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met; fishing then increases.
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Date - selective fishing could:

o Over-exploit late-migrating populations

. Over epr0|t Iate mlgrants within populations










. Photo: Robert Kope
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Geography and fisheries

* Fisheries differ in:
- potential income
- cost of operations
- mobillity (response to run fluctuations)
- native participation
- value to local economies
- Interception of single or mixed stocks



Bay-wide success or local failure?

 Huge runs to one district provide no
benefit for set net fisheries elsewhere,
and subsistence fishermen at “the end
of the line” rely on the system reaching
Its escapement goal






The human side of the story

e For all of the excitement over the
biological success, the social and
economic success Is mixed

|t was once possible to c
a 6 week season but no

ear $50,000 in
onger

e Permit prices plummetec



The economics of the fishery have varied
greatly (even in un-adjusted dollars)

Price per pound

$2.00 - 200
$1.80 - - 180
$1.60 - B price - 160
$1.40 | ~ovalue - 140
$1.20 - - 120
$1.00 - A - 100
$0.80 - - 80
$0.60 - - 60
$0.40 - - 40
$0.20 | I ‘ I I - 20
s M G

1975 1980 1985 1990 1995 2000 2005

Value, in millions of dollars



In 1988 a sockeye was worth about the same
amount of money as a barrel of oil but today the
same salmon is worth about the same as a Big Mac.




Salmon net pens in Chile




The biocomplexity of Bristol Bay

$%

The fleet

| The
 managers

The climate
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General Lessons

 Biocomplexity stabilizes total productivity
over arange of spatial scales in both fish and
human systems

e Systems that are productive in one epoch
may be much less productive in other epochs
— Maintain the stock structure

— What seems unimportant now may be very
Important later

 The regulatory structure must allow human
systems to adapt
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Morphology differs among habitat types

S Small creeks

Male




Sockeye from Iarger creeks and rivers

"NP




Beach spawning sockeye salmon
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Depth of the spawning site and body
depth of male sockeye salmon
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Spawning site depth (cm)

Male body depth (mm)
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bear-hab

		Site		stream width		stream depth		bear index to 2002		wdith x depth		bear index to 2002

		A Creek		1.4		10.0		85.2		14.0		85.2

		C Creek		2.1		10.0		73.7		21.0		73.7

		Bear		5.1		19.3		32.0		98.6		32.0

		Big Whitefish		3.4		25.3		47.6		86.6		47.6

		Eagle		2.4		21.6		53.4		51.8		53.4

		Elva		4.6		43.2		33.2		197.3		33.2

		Fenno		7.6		35.6		11.9		270.8		11.9

		Grant		15.7		40.5		25.6		636.0		25.6

		Hansen		3.9		9.8		46.0		38.1		46.0

		Happy		4.7		25.2		23.6		117.6		23.6

		Hidden Lk		4.8		27.5		42.5		131.0		42.5

		Ice		15.7		42.4		19.0		664.0		19.0

		Kema		6.7		38.1		44.5		255.3		44.5

		Little Togiak		53.3		40.3		11.1		2149.1		11.1

		Little Whitefish		1.7		12.7		58.1		21.3		58.1

		Lynx		6.9		33.3		24.5		228.1		24.5

		Midnight		2.3		8.2		67.3		18.4		67.3

		Mission		2.0		9.7		21.8		19.3		21.8

		Moose		14.3		46.9		33.2		670.0		33.2

		Pick		7.6		37.9		35.1		287.2		35.1

		Pike		7.8		25.4		33.6		198.1		33.6

		Stovall		10.7		45.7		34.2		487.4		34.2

		Teal		4.3		35.6		70.2		154.3		70.2

		Yako		4.2		22.6		30.1		95.4		30.1





bear-hab

		



Stream width (m)

% of salmon killed

R2 = 0.49



hab-morph

		



Stream width (m)

% of salmon killed

R2 = 0.49



		



Stream depth (cm)

% killed by bears



		



Stream width (m) x depth (cm)

% killed by bears

R2 = 0.47



		Site		stream depth		avg M depth		m body depth %		m 450 depth

		A Beach		29.9						171.0

		A Creek		10.0		124.8		28.8		129.9

		Agulowok		46.6		169.4		35.7		156.6

		Anvil Bay		89.0		185.5		37.8		167.0

		Bear		19.3		159.0				150.0

		C Beach		29.5						167.7

		C Creek		10.0		126.5		29.7		137.0

		Chinkelyes		35.6		180.8				164.3

		Copper		61.0		154.7				156.9

		Dream		30.5						154.1

		Eagle		21.6		137.0		31.1		140.4

		Elva		43.2

		Fenno		35.6

		Finger beach #1		96.3		200.8				181.8

		Fuel Dump		258.0		179.7				179.4

		Gibraltar		61.0		159.6				156.9

		Grant		40.5

		Hansen		9.8		139.7				136.8

		Happy		25.2		148.8		31.9		142.2

		Hidden Lk		27.5		134.8				143.1

		Ice		42.4		155.6		32.7		145.8

		Kema		38.1		168.3				157.3

		Knutson Bay		118.0		188.8				170.2

		Little Togiak		40.3		183.2		38.0		165.0

		Lower Talarik		45.7		155.9				159.5

		Low Talarik slough		56.5						167.8

		Lynx		33.3		165.6		34.8		153.7

		Midnight		8.2		144.4				140.6

		Mission		9.7		129.0		29.9		135.2

		Moose		46.9						165.0

		N4-N6		138.3		195.4		39.9		174.2

		Pd Ponds		45.7		169.4				165.6

		Pick		37.9		165.4		34.6		153.2

		Pike		25.4

		Southeast beach		150.0		179.0				177.6

		Stovall		45.7

		Sunshine		60.9		182.6		37.1		165.9

		Tazimina		61.0		156.0				144.3

		Teal		35.6

		Tomkok		30.5						161.1

		Tommy		30.5						165.4

		Triangle		250.0		198.4				189.6

		Whitefish (total)		22.3		131.5		30.6		140.3

		Woody		155.0		177.2				178.3

		Yako		22.6		149.2				143.0
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Otolith collections reveal consistent
differences in age structure and length at age







Gravel size and egg size of different
sockeye salmon populations
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Quinn et al. 1995, and additional unpublished data
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108.17

104.8384198056

93.6872193544

110.6141808661

115.9529694641

97.6096968945

106.3835201762

90.6406565376

97.8584158286

106.0829304621

98.9119984406

104.2228599677

89.3205759044

94.6763493194

95.6997304019

115.7113923679

108.0592079699



Sheet2

		Spawning location		Habitat type		Geometric mean		% fines		% fines		% fines		geo. mean (pebble)

								<3.3		<1.7		<0.85

		egg data through 2002

		site		habitat		geo mean bulk		% < 3.3		% < 1.7		% < 0.85		geo mean pebble		pop		long term len		avg egg		450 egg wt

		Agulowak		river		-		-		-		-		27.84		Agul		462		115.8		108.17

		Bear		creek		6.77		27.35		16.23		7.81		12.29		Bear				102		104.8384198056

		Chinkelyes		creek		-		-		-		-		17.54		Chink		456		92		93.6872193544

		Copper												20.05		Copper		447		110.9		110.6141808661

		Fuel Dump		beach		32.05		0		0		0		77.83		FD		427		109		115.9529694641

		Gibraltar														Gibra		466		97.9		94.0663219885

		Hansen		creek		8.44		18.98		10.28		3.92		14.24		Hansen				96.8		97.6096968945

		Happy		creek		8.07		21.57		12.6		5.88		12.97		Happy		468		108.5		106.3835201762

		Knutson Bay		beach		1.18		87.25		76.84		47.13		1.63		Knut		455		92.7		90.6406565376

		Little Togiak		river		-		-		-		-		19.74		Little Togiak				102.4		97.8584158286

		Lynx		creek		10.8		13.46		7.68		3.48		26.38		Lynx				102.7		106.0829304621

		Mission		creek		9.7		17.07		9.55		4.3		35.4		Mission						98.9119984406

		N4-N6		beach		-		-		-		-		4.21		N4-N6				103.2		104.2228599677

		Pedro		creek		0.9		90.57		82.65		61.67		1.8		Pedro						89.3205759044

		Pick		creek		5.83		30.52		19.36		9.26		18.36		Pick				104.2		94.6763493194

														3.495		Taz		464		101		95.6997304019

		Whitefish												16.32		Whitefish

		Woody		beach		26.5		0		0		0		72.06		Woody		427		108.8		115.7113923679

		Yako		creek		10.22		16.06		9.06		4.06		36.13		Yako						108.0592079699

																																						0
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