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		Lagunitas Creek salmonid cohorts																																														Olema Creek basinwide coho estimates*

																																																Year		Total snorkel survey stream length (km)		Population		95% confidence

		COHO																																																estimate		interval

		Juvenile Data						Smolts								Adults						Survival																Lagunitas redd predictions

		Juvenile Survey Year		Olema Juv Coho		Lag, San Geronimo, Devil's Gulch Juv Coho		Smolt Year		Coho Smolts Captured		Coho Smolt Estimate		Olema Coho Smolts		Spawner Year		Coho Redds (-Olema)		Olema Coho Redds		Egg to Fry Survival		Lagunitas Juv-Smolt Survival		Olema Juv-Smolt Survival		Watershed Juv-Smolt Suvival		Lagunitas Marine Survival**		Watershed Marine Survival		Fry to Adult Survival**		NOAA Predictor Rank		Redd Prediction Low		Redd Prediction High		Mean Marine Survival Prediction		% of Predction		2004*		13.3		22561		± 8,183		Smolt Lengths (mm)

		2005		29887		22,590		2006		1,581		5,946		3,793		2007-08		149		33				26%		13%		19%		5.0%		3.7%		1.3%		11.3		50		391		150		100%		2005*		11.9		29887		± 9,974		115.7

		2006		1793		2,702		2007		611		2,776		1,485		2008-09		26		0				103%		83%		95%		1.9%		1.2%		1.9%		8.5		23		183		70		37%		2006*		11.6		1793		± 869		116

		2007		32298		36,680		2008		2,532		6,101		2,885		2009-10		51		14				17%		9%		13%		1.7%		1.4%		0.3%		2.7		51		401		154		33%		2007*		11.8		32298		± 4,018		108.2

		2008		3328		11,115		2009		3,150		5,711		4,088		2010-11		80		21		3.2%		51%		123%		68%		2.8%		2.1%		1.4%		7.5		48		376		144		56%		2008*		7.8		3328		± 696		107.1

		2009		0		1,797		2010		631		2,129		N/A		2011-12		130		7		3.0%		118%		na		118%		12.2%		12.9%		14.5%		11.4		18		140		54		243%		2009		13		N/A		N/A		134

		2010		1755		7,988		2011		1,889		3,300		1,334		2012-13		217		32		6.8%		41%		76%		48%		13.2%		10.7%		5.4%		7.5		28		217		83		261%		2010		13.8		1755		± 693		128

		2011		4690		8,155		2012		4,339		8,315		3,173		2013-14		188		32		4.4%		102%		68%		89%		4.5%		3.8%		4.6%		6.1		70		547		209		90%		2011		13.5		4690		± 2,929		111.6

		2012		330		22,295		2013		4,942		7,479		99		2014-15		138		5		7.5%		34%		30%		33%		3.7%		3.8%		1.2%		7.5		63		492		188		73%		2012		12.7		330		± 744		109.9

		2013		16599		36,844		2014		8,857		15,055		4,469		2015-16		226		66		7.4%		41%		27%		37%		3.0%		3.0%		1.2%		11.7		126		990		379		60%		*Estimates created using index reaches as calibration units- data have no weight. 								101.1

		2014		1034		18,333		2015		7,373		10,643		2,343		2016-17		127		11		4.2%		58%		227%		67%		2.4%		2.1%				14.5		89		700		268		47%		Approved protocol methods started in 2009.								104.3

		2015		900		17,164		2016		3,428		9,719		639								5.4%		57%				57%										81		639		245												109.6

		2016		16500		41,687		2017		5,550		29,306		5698								8.0%		70%				60%



		STEELHEAD

		Juvenile Survey Year		0+ SH Estimate		1+ SH Estimate		Smolt Year		Steelhead Smolts Captured		Steelhead Smolt Estimate				Spawner Year*		LG,SG,DG Steelhead Redds				Egg to Fry Survival		Fry to Smolt Survival						1+ to Smolt Survival		Marine Survival**		Prev Year SH+Coho				Redd Prediction Low		Redd Prediction High		Redd Prediction		0.7

		2005		40,814		2,816		2006		308		6,949				2007-08		297												247%		8.5%						54		740		278

		2006		50,773		2,696		2007		475		3,632				2008-09		80						8.9%						135%		4.4%		53475				28		387		145

		2007		45,292		3,498		2008		449		1,134				2009-10		20						2.2%						32%		3.5%		81972				9		121		45

		2008		74,926		1,830		2009		646		2,041				2010-11		16				4.6%		4.5%						112%		1.6%		86041		* Few spawner surveys		16		217		82

		2009		37,674		3,433		2010		651		3,867				2011-12		239				8.6%		5.2%						113%		12.4%		39471				30		412		155

		2010		26,075		3,844		2011		829		3,753				2012-13		184				23.7%		10.0%						98%		9.8%		34063				29		400		150

		2011		35,990		3,200		2012		250		1,991				2013-14		212				40.9%		7.6%						62%		21.3%		44145				16		212		80

		2012		65,963		4,279		2013		684		1,876				2014-15		122				5.0%		5.2%						44%		13.0%		88258				15		200		75

		2013		62,167		2,803		2014		448		1,720				2015-16		81				6.1%		2.6%						61%		9.4%		99011				13		183		69

		2014		43,535		3,485		2015		814		2,699				2016-17						3.7%		4.3%						77%				61868				21		287		108

		2015		63,635		3,819																9.5%												105322

		2016		45,984																		10.3%



		CHINOOK

								Smolt Year		Chinook Captured		Smolt Estimate		Spawner Year*		Live Chinook		Chinook Redds				Egg to Smolt								Marine Survival**

														2005-06		10		8				1.4%

														2006-07		40		40				3.1%

								2006		237		504		2007-08		4		0												0.0%

								2007		775		5628		2008-09		1		1												0.0%

								2008-11		0		0		2009-12		0		0

								2012		0		0		2013-14		11		8				5.6%								ERROR:#DIV/0!

								2013		0		0		2014-15		100		20				3.8%								ERROR:#DIV/0!

								2014		1229		2011		2015-16		4		2												0.2%

								2015		2005		3376		2016-17		82		33												2.0%

		* Assumes steelhead spent two years in the ocean.

		** Assumes two spawners per redd.



53475	81972	86041	39471	34063	44145	88258	99011	61868	3632	1134	2041	3867	3753	1991	1876	1720	2699	Juv coho + SH previous year

Steelhead smolts

2702	36680	11115	1797	7988	8155	22295	36844	18333	3632	1134	2041	3867	3753	1991	1876	1720	2699	Coho fry previous year

Steelhead smolts

3632	1134	2041	3867	3753	1991	1876	80	20	16	239	184	212	122	SH smolts

SH redds
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overwinter

		Year		Lagunitas Juvenile Coho		Olema Juvenile Coho		Lagunitas Smolt Emigration		Olema Smolt Emigration		Lagunitas Winter Survival		Olema Winter Suvival		Watershed Winter Survival		Tagged Coho Apparent Survival*

		2005-06		22,590		29,887		5,946		3,793		26%		13%		19%		-

		2006-07		2,702		1,793		2,776		1,485		100%		83%		95%		-

		2007-08		36,680		32,298		6,101		2,885		17%		9%		13%		-

		2008-09		11,115		3,328		5,711		4,088		51%		100%		68%		-

		2009-10		1,797		- 0		2,129		-		100%		N/A		100%		-

		2010-11		7,988		1,755		3,300		1,334		41%		76%		48%		-

		2011-12		8,155		4,690		8,315		3,173		100%		68%		89%		-

		Coastal Monitoring Program Period:

		2012-13		22,295		330		7,479		99		34%		30%		33%		12%

		2013-14		36,844		16,599		15,055		4,469		41%		27%		37%		15%

		2014-15		18,333		1,034		10,643		2,343		58%		100%		67%		28%



		* From Table 2.











		Lagunitas Creek salmonid cohorts																																														Olema Creek basinwide coho estimates

																																																Year		Total snorkel survey stream length (km)		Population		95% confidence

		COHO																																																		estimate		interval

		Juvenile Survey Year		Olema Juv Coho		LG,SG,DG Juvenile Coho		Smolt Year		Coho Smolts Captured		Coho Smolt Estimate		Olema Coho Smolts		Spawner Year		Coho Redds (-Olema)		Olema Coho Redds		Egg to Fry Survival		Lag Juv-Smolt Survival		Olema Juv-Smolt Survival		Shed Juv-Smolt Suvival		Lagunitas Marine Survival**		Watershed Marine Survival		Fry to Adult Survival**						Redd Prediction Low		Redd Prediction High		Mean Marine Survival				2004*		13.3		22561		± 8,183

		2005		29887		22,590		2006		1,581		5,946		3,793		2007-08		149		33				26%		13%		19%		5.0%		3.7%		1.3%						50		391		5.6%				2005*		11.9		29887		± 9,974

		2006		1793		2,702		2007		611		2,776		1,485		2008-09		26		0				103%		83%		95%		1.9%		1.2%		1.9%						23		183		5.6%				2006*		11.6		1793		± 869

		2007		32298		36,680		2008		2,532		6,101		2,885		2009-10		51		14				17%		9%		13%		1.7%		1.4%		0.3%						51		401		5.6%				2007*		11.8		32298		± 4,018

		2008		3328		11,115		2009		3,150		5,711		4,088		2010-11		80		21		3.2%		51%		123%		68%		2.8%		2.1%		1.4%						48		376		5.6%				2008*		7.8		3328		± 696

		2009		0		1,797		2010		631		2,129		N/A		2011-12		130		7		3.0%		118%		na		118%		12.2%		12.9%		14.5%						18		140		5.6%				2009		13		N/A		N/A

		2010		1755		7,988		2011		1,889		3,300		1,334		2012-13		217		32		6.8%		41%		76%		48%		13.2%		10.7%		5.4%						28		217		5.6%				2010		13.8		1755		± 693

		2011		4690		8,155		2012		4,339		8,315		3,173		2013-14		188		32		4.4%		102%		68%		89%		4.5%		3.8%		4.6%						70		547		5.6%				2011		13.5		4690		± 2,929

		2012		330		21,586		2013		4,942		7,479		99		2014-15		140		6		7.2%		35%		30%		35%		3.7%		3.9%		1.3%						63		492		5.6%				2012		12.7		330		± 744

		2013		13205		36,844		2014		8,857		15,418		4,232		2015-16						7.4%		42%		32%		39%												129		1014						*Estimates created using index reaches as calibration units- data have no weight. 

		2014		1048		18,333		2015		7,373		10,643		2,343		2016-17						3.7%		58%		224%		67%																				Approved protocol methods started in 2009.

		2015				16,896		2016														3.9%



		STEELHEAD

		Juvenile Survey Year		0+ SH Estimate		1+ SH Estimate		Smolt Year		Steelhead Smolts Captured		Steelhead Smolt Estimate				Spawner Year*		LG,SG,DG Steelhead Redds				Egg to Fry Survival		Fry to Smolt Survival						1+ to Smolt Survival		Marine Survival**		Prev Year SH+Coho								Redd Prediction Low		Redd Prediction High		Redd Prediction Mean

		2005		40,814		2,816		2006		308		6,949				2007-08		297												247%		8.5%										54		740		397

		2006		50,773		2,696		2007		475		3,632				2008-09		80						8.9%						135%		4.4%		53475								28		387		208

		2007		45,292		3,498		2008		449		1,134				2009-10		20						2.2%						32%		3.5%		81972								9		121		65

		2008		74,926		1,830		2009		646		2,041				2010-11		16				4.6%		4.5%						112%		1.6%		86041						* Few spawner surveys		16		217		117

		2009		37,674		3,433		2010		651		3,867				2011-12		239				8.6%		5.2%						113%		12.4%		39471								30		412		221

		2010		26,075		3,844		2011		829		3,753				2012-13		184				23.7%		10.0%						98%		9.8%		34063								29		400		215

		2011		35,990		3,200		2012		250		1,991				2013-14		212				40.9%		7.6%						62%		21.3%		44145								16		212		114

		2012		65,963		4,279		2013		684		1,876				2014-15		122				5.0%		5.2%						44%		13.0%		87549								15		200		107

		2013		62,167		2,803		2014		448		1,720										6.1%		2.6%						61%				99011

		2014		43,535				2015				2,699																						80379

		2015																																16896





		CHINOOK

								Smolt Year		Chinook Captured		Smolt Estimate		Spawner Year*		Live Chinook		Chinook Redds				Egg to Fry Smolt								Marine Survival**

								2006		237		504

								2007		775		5628

								2008-11		0		0

								2012		0		0		2013-14		11		8				5.6%								ERROR:#DIV/0!

								2013		0		0		2014-15		100		20				3.8%								ERROR:#DIV/0!

								2014		1229		2011

								2015		2005		3376

		* Assumes steelhead spent two years in the ocean.

		** Assumes two spawners per redd.



53475	81972	86041	39471	34063	44145	87549	99011	3632	1134	2041	3867	3753	1991	1876	1720	2702	36680	11115	1797	7988	8155	21586	36844	3632	1134	2041	3867	3753	1991	1876	1720	Coho fry previous year

Steelhead smolts

3632	1134	2041	3867	3753	1991	1876	80	20	16	239	184	212	122	

marine chart



Steelhead survival caveats: two years in ocean, complete smolt and spawner surveys, two adults per redd.


Apparent Marine Survival

Lagunitas coho	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	5.0117726202489069E-2	1.8731988472622477E-2	1.6718570726110472E-2	2.8016109262826126E-2	0.1221230624706435	0.1315151515151515	4.5219482862297052E-2	3.6903329322101885E-2	3.0023248090335436E-2	Lagunitas steelhead	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	8.5479925169089074E-2	4.405286343612335E-2	3.5273368606701938E-2	1.567858892699657E-2	0.12361003361779158	9.8054889421795896E-2	0.21295831240582622	0.13006396588486141	9.4186046511627902E-2	Spawner Year

Smolt-to-Spawner Survival





Redds+Juv



2009-2015	26	51	80	130	217	188	140	1797	7988	8155	22295	36844	18333	17164	1997-2008	254	253	184	203	204	286	158	383	496	190	338	149	16962	4394	7134	4281	23581	33625	14467	21925	22662	2702	36983	11115	Coho Redds

Juvenile Coho



Juv+smolt



&"Calibri,Regular"&12Figure 9. Juvenile coho abundance and subsequent smolt abundance.		&"Calibri,Regular"&11Olema Creek data not included.


All	22590	2702	36680	11115	1797	7988	8155	22295	36844	18333	17164	41687	5946	2776	6101	5711	2129	3300	8315	7479	15055	10643	9719	29306	Coho smolts 2012-2016	8155	22295	36844	18333	17164	41687	8315	7479	15055	10643	9719	29306	Coho smolts 2006-2011	22590	2702	36680	11115	1797	7988	5946	2776	6101	5711	2129	3300	Juvenile Coho

Coho Smolts



Juv+smolt (2)



&"Calibri,Regular"&12Figure 9. Juvenile coho abundance and subsequent smolt abundance.		&"Calibri,Regular"&11Olema Creek data not included.


All	22590	2702	36680	11115	1797	7988	8155	22295	36844	18333	17164	41687	5946	2776	6101	5711	2129	3300	8315	7479	15055	10643	9719	29306	Coho smolts 2012-2016	8155	22295	36844	18333	17164	41687	8315	7479	15055	10643	9719	29306	Coho smolts 2006-2011	22590	2702	36680	11115	1797	7988	5946	2776	6101	5711	2129	3300	Juvenile Coho

Coho Smolts



coho smolts

		Lagunitas Creek coho year classes

		(MMWD data only)

										Trib				Winter								Smolts by Marine Survival

				Redds		Adults		Juveniles		Juveniles		Smolts		Survival		Year Class 1		Year Class 2		Year Class 3		4%		8%		12%		Low Error		High Error				Smolt theories

		1995		86		172		5,164		2,478		6,350				172						12700		6350		4233		2117		6350

		1996		254		508		8,480		6,012		6,325		122%		8480		508				12650		6325		4217		2108		0

		1997		253		506		16,962		8,284		4,600		54%				16962		506		9200		4600		3067		1533		4600

		1998		184		368		4,394		3,667		5,075		30%		368				4394		10150		5075		3383		1692		5075

		1999		203		406		7,134		4,581		5,100		116%		7134		406				10200		5100		3400		1700

		2000		204		408		4,281		2,008		7,150		100%				4281		408		14300		7150		4767		2383

		2001		286		572		23,581		16,570		3,950		92%		572				23581		7900		3950		2633		1317		400

		2002		158		316		33,625		25,950		9,575		41%		33625		316				19150		9575		6383		3192		9425

		2003		383		766		14,467		8,269		12,400		37%				14467		766		24800		12400		8267		4133		12250

		2004		496		992		21,925		17,365						992				21925		9500		4750		3167		1583		4700

		2005		190		380		22,662		14,065						22662		380				16900		8450		5633		2817		8150

		2006		338		676		2,702		2,239		5,946		26%		5946		2702		676		5946		5946		5946		1238		1238

		2007		149		298		36,983		18,238		2,776		103%		298		2776		36983		2776		2776		2776		692		692

		2008		26		52		11,115		3,576		6,101		16%		11115		52		6101		6101		6101		6101		3745		3745				???

		2009		51		102		1,797		20		5,711		51%		5711		1797		102		5711		5711		5711		235		235				Only 3,600 juveniles in tribs.

		2010		80		160		7,988		2,045		2,129		118%		160		2129		7988		2129		2129		2129		245		245

		2011		130		260		8,155		3,671		3,300		41%		8155		260		3,300		3300		3300		3300		240		240				Few juveniles in tributaries.

		2012		217		434		22,295		11,067		8,315		102%		8315		22295		434		8315		8315		8315		700		700				Very dry winter; Limited outmigration opportunities. Small steelhead pop?

		2013		188		376		36,844		13,748		7,479		34%		376		7479		36,844		7479		7479		7479		257		257

		2014		140		280		18,333				15,055		41%		18,333		280		15,055		15055		15055		15055								Very dry winter; Limited outmigration opportunities

		2015		226		452		17164				10643		58%		10643		17164		452		10643		10643		10643

		2016		127		254		41687				9719		57%		254		9719		41,687		9719		9719		9719

		2017										29306		70%						29,306		29306		29306		29306

		2018

		2019

		2020

		2021

















Back-calculated smolt estimates	0	4600	5075	400	9425	12250	4700	8150	1238	692	3745	235	245	240	700	257	2108.333333333333	1533.333333333333	1691.6666666666665	1700	2383.333333333333	1316.6666666666665	3191.6666666666661	4133.3333333333321	1583.333333333333	2816.6666666666661	1238	692	3745	235	245	240	700	257	5164	8480	16962	4394	7134	4281	23581	33625	14467	21925	22662	2702	36983	11115	1797	7988	8155	22295	36844	6325	4600	5075	5100	7150	3950	9575	12400	4750	8450	5946	2776	6101	5711	2129	3300	8315	7479	15055	Smolt survey results	22662	2702	36983	11115	1797	7988	8155	22295	36844	5946	2776	6101	5711	2129	3300	8315	7479	15055	Juvenile Coho

Coho Smolts

Back-calculated estimate	0	4600	5075	400	9425	12250	4700	8150	1238	692	3745	235	245	240	700	257	2108.333333333333	1533.333333333333	1691.6666666666665	1700	2383.333333333333	1316.6666666666665	3191.6666666666661	4133.3333333333321	1583.333333333333	2816.6666666666661	1238	692	3745	235	245	240	700	257	2478	6012	8284	3667	4581	2008	16570	25950	8269	17365	14065	2239	18238	3576	20	2045	3671	11067	13748	6325	4600	5075	5100	7150	3950	9575	12400	4750	8450	5946	2776	6101	5711	2129	3300	8315	7479	15055	Smolt survey result	14065	2239	18238	3576	20	2045	3671	11067	13748	5946	2776	6101	5711	2129	3300	8315	7479	15055	Tributary Juvenile Coho

Coho Smolts

Create model using trib coho and steelhead.
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&"Calibri,Regular"&12Figure 2. Coho year class trends in Lagunitas Creek		
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1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2.9034577199589177E-2	7.9934509732581399E-3	1.824552429667519E-2	9.3065217391304356E-3	5.5121552127162229E-2	6.0914855072463761E-2	4.6940298507462688E-2	3.0651474905633996E-2	2.6486676016830295E-2	8.7670343932511347E-3	5.3598550724637685E-2	3.4766969033468882E-2	3.0050167224080267E-2	6.8098891730605279E-2	4.5457079152731332E-2	7.8808766348533052E-2	7.5920049453946009E-2	4.3319943289224949E-2	5.6966478592764692E-2	7.5514874141876423E-2	Egg-to-fry survival



Egg-to-fry

		Years		Lagunitas Creek		San Geronimo Creek		San Geronimo Tributaries		Devil's Gulch		Cheda and Nicasio Creeks		Olema Creek		Total						Juveniles						Survival

																						Lagunitas		San Geronimo		Devil's Gulch		Lagunitas		San Geronimo		SG+Tribs		Devil's Gulch		All

		1982-83		65		47		No Data		27		No Data		No Data		139



		1995-96		70		6		No Data		10		No Data		No Data		86				Coho year class		2,468		4295		1,717

		1996-97		98		115		No Data		41		No Data		No Data		254						8,678		6112		2,172		3.9%		2.3%		2.3%		2.3%		2.9%

		1997-98		80		107		14		52		No Data		134		387						727		3026		641		0.4%		1.2%		1.1%		0.5%		0.8%

		1998-99		92		46		14		32		0		23		207						2,553		1189		3,392		1.2%		1.1%		0.9%		4.6%		1.8%

		1999-00		139		58		3		3		0		10		213						2,273		1458		550		0.7%		1.1%		1.0%		8.0%		0.9%

		2000-01		119		56		18		11		0		80		284						7,011		10114		6,456		2.6%		7.9%		5.9%		25.5%		5.5%

		2001-02		79		102		43		59		3		59		345						7,675		16712		9,238		4.2%		7.1%		5.0%		6.8%		6.1%

		2002-03		71		39		22		24		2		20		178						6,198		5180		3,089		3.8%		5.8%		3.7%		5.6%		4.7%

		2003-04		124		139		66		48		6		109		492						4,560		13076		4,289		1.6%		4.1%		2.8%		3.9%		3.1%

		2004-05		120		140		118		112		6		138		634						8,597		8341		5,724		3.1%		2.6%		1.4%		2.2%		2.6%

		2005-06		53		48		54		33		2		9		199						463		1842		397		0.4%		1.7%		0.8%		0.5%		0.9%

		2006-07		128		117		26		55		12		95		433						18,745		13098		5,140		6.4%		4.9%		4.0%		4.1%		5.4%

		2007-08		87		46		9		6		1		33		182						7,539		2372		1,204		3.8%		2.2%		1.9%		8.7%		3.5%

		2008-09		25		1		0		0		0		0		26						1,777		20		0		3.1%		0.9%		0.9%				3.0%

		2009-10		42		7		0		2		0		14		65						5,943		317		1,728		6.2%		2.0%		2.0%		37.6%		6.8%

		2010-11		32		40		2		6		0		21		101						4,484		2499		1,172		6.1%		2.7%		2.6%		8.5%		4.5%

		2011-12		94		19		3		10		4		7		137						11,228		5832		5,235		5.2%		13.3%		11.5%		22.8%		7.9%

		2012-13		108		59		4		44		2		32		249						23,096		6678		7,070		9.3%		4.9%		4.6%		7.0%		7.6%

		2013-14		172		7		3		5		1		32		220						18,188		22		123		4.6%		0.1%		0.1%		1.1%		4.3%

		2014-15		79		32		7		20		0		5		143						8,607		6716		1,841		4.7%		9.1%		7.5%		4.0%		5.7%

		2015-16		91		68		28		31		4		66		288						17000		11000		5000		8.1%		7.0%		5.0%		7.0%		7.6%



		Mean		91		60		23		29		2		47		252						7991		5709		3151		4.0%		4.1%		3.2%		8.5%		4.3%

																												3.8%		2.6%		2.3%		5.1%		4.3%
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cohort tables

		Lagunitas Creek salmonid cohorts																																														Olema Creek basinwide coho estimates*

																																																Year		Total snorkel survey stream length (km)		Population		95% confidence

		COHO																																																estimate		interval

		Juvenile Data						Smolts								Adults						Survival																Lagunitas redd predictions

		Juvenile Survey Year		Olema Juv Coho		Lag, San Geronimo, Devil's Gulch Juv Coho		Smolt Year		Coho Smolts Captured		Coho Smolt Estimate		Olema Coho Smolts		Spawner Year		Coho Redds (-Olema)		Olema Coho Redds		Egg to Fry Survival		Lagunitas Juv-Smolt Survival		Olema Juv-Smolt Survival		Watershed Juv-Smolt Suvival		Lagunitas Marine Survival**		Watershed Marine Survival		Fry to Adult Survival**		NOAA Predictor Rank		Redd Prediction Low		Redd Prediction High		Mean Marine Survival Prediction		% of Predction		2004*		13.3		22561		± 8,183		Smolt Lengths (mm)

		2005		29887		22,590		2006		1,581		5,946		3,793		2007-08		149		33				26%		13%		19%		5.0%		3.7%		1.3%		11.3		50		391		150		100%		2005*		11.9		29887		± 9,974		115.7

		2006		1793		2,702		2007		611		2,776		1,485		2008-09		26		0				103%		83%		95%		1.9%		1.2%		1.9%		8.5		23		183		70		37%		2006*		11.6		1793		± 869		116

		2007		32298		36,680		2008		2,532		6,101		2,885		2009-10		51		14				17%		9%		13%		1.7%		1.4%		0.3%		2.7		51		401		154		33%		2007*		11.8		32298		± 4,018		108.2

		2008		3328		11,115		2009		3,150		5,711		4,088		2010-11		80		21		3.2%		51%		123%		68%		2.8%		2.1%		1.4%		7.5		48		376		144		56%		2008*		7.8		3328		± 696		107.1

		2009		0		1,797		2010		631		2,129		N/A		2011-12		130		7		3.0%		118%		na		118%		12.2%		12.9%		14.5%		11.4		18		140		54		243%		2009		13		N/A		N/A		134

		2010		1755		7,988		2011		1,889		3,300		1,334		2012-13		217		32		6.8%		41%		76%		48%		13.2%		10.7%		5.4%		7.5		28		217		83		261%		2010		13.8		1755		± 693		128

		2011		4690		8,155		2012		4,339		8,315		3,173		2013-14		188		32		4.4%		102%		68%		89%		4.5%		3.8%		4.6%		6.1		70		547		209		90%		2011		13.5		4690		± 2,929		111.6

		2012		330		22,295		2013		4,942		7,479		99		2014-15		138		5		7.5%		34%		30%		33%		3.7%		3.8%		1.2%		7.5		63		492		188		73%		2012		12.7		330		± 744		109.9

		2013		16599		36,844		2014		8,857		15,055		4,469		2015-16		226		66		7.4%		41%		27%		37%		3.0%		3.0%		1.2%		11.7		126		990		379		60%		*Estimates created using index reaches as calibration units- data have no weight. 								101.1

		2014		1034		18,333		2015		7,373		10,643		2,343		2016-17		127		11		4.2%		58%		227%		67%		2.4%		2.1%				14.5		89		700		268		47%		Approved protocol methods started in 2009.								104.3

		2015		900		17,164		2016		3,428		9,719		639								5.4%		57%				57%										81		639		245												109.6

		2016		16500		41,687		2017		5,550		29,306		5698								8.0%		70%				60%



		STEELHEAD

		Juvenile Survey Year		0+ SH Estimate		1+ SH Estimate		Smolt Year		Steelhead Smolts Captured		Steelhead Smolt Estimate				Spawner Year*		LG,SG,DG Steelhead Redds				Egg to Fry Survival		Fry to Smolt Survival						1+ to Smolt Survival		Marine Survival**		Prev Year SH+Coho				Redd Prediction Low		Redd Prediction High		Redd Prediction		0.7

		2005		40,814		2,816		2006		308		6,949				2007-08		297												247%		8.5%						54		740		278

		2006		50,773		2,696		2007		475		3,632				2008-09		80						8.9%						135%		4.4%		53475				28		387		145

		2007		45,292		3,498		2008		449		1,134				2009-10		20						2.2%						32%		3.5%		81972				9		121		45

		2008		74,926		1,830		2009		646		2,041				2010-11		16				4.6%		4.5%						112%		1.6%		86041		* Few spawner surveys		16		217		82

		2009		37,674		3,433		2010		651		3,867				2011-12		239				8.6%		5.2%						113%		12.4%		39471				30		412		155

		2010		26,075		3,844		2011		829		3,753				2012-13		184				23.7%		10.0%						98%		9.8%		34063				29		400		150

		2011		35,990		3,200		2012		250		1,991				2013-14		212				40.9%		7.6%						62%		21.3%		44145				16		212		80

		2012		65,963		4,279		2013		684		1,876				2014-15		122				5.0%		5.2%						44%		13.0%		88258				15		200		75

		2013		62,167		2,803		2014		448		1,720				2015-16		81				6.1%		2.6%						61%		9.4%		99011				13		183		69

		2014		43,535		3,485		2015		814		2,699				2016-17						3.7%		4.3%						77%				61868				21		287		108

		2015		63,635		3,819																9.5%												105322

		2016		45,984																		10.3%



		CHINOOK

								Smolt Year		Chinook Captured		Smolt Estimate		Spawner Year*		Live Chinook		Chinook Redds				Egg to Smolt								Marine Survival**

														2005-06		10		8				1.4%

														2006-07		40		40				3.1%

								2006		237		504		2007-08		4		0												0.0%

								2007		775		5628		2008-09		1		1												0.0%

								2008-11		0		0		2009-12		0		0

								2012		0		0		2013-14		11		8				5.6%								ERROR:#DIV/0!

								2013		0		0		2014-15		100		20				3.8%								ERROR:#DIV/0!

								2014		1229		2011		2015-16		4		2												0.2%

								2015		2005		3376		2016-17		82		33												2.0%

		* Assumes steelhead spent two years in the ocean.

		** Assumes two spawners per redd.



53475	81972	86041	39471	34063	44145	88258	99011	61868	3632	1134	2041	3867	3753	1991	1876	1720	2699	Juv coho + SH previous year

Steelhead smolts

2702	36680	11115	1797	7988	8155	22295	36844	18333	3632	1134	2041	3867	3753	1991	1876	1720	2699	Coho fry previous year

Steelhead smolts

3632	1134	2041	3867	3753	1991	1876	80	20	16	239	184	212	122	SH smolts

SH redds

278.03961978831251	145.32161448714214	45.372993069498683	81.663385233550969	154.7243070544545	150.1630008728647	79.662812346888771	75.061494707565728	68.819707301179648	107.99092442202551	297	80	20	16	239	184	212	122	81	115.7	116	108.2	107.1	134	128	111.6	109.9	101.1	5.0117726202489069E-2	1.8731988472622477E-2	1.6718570726110472E-2	2.8016109262826126E-2	0.1221230624706435	0.1315151515151515	4.5219482862297052E-2	3.6903329322101885E-2	3.0023248090335436E-2	

overwinter

		Year		Lagunitas Juvenile Coho		Olema Juvenile Coho		Lagunitas Smolt Emigration		Olema Smolt Emigration		Lagunitas Winter Survival		Olema Winter Suvival		Watershed Winter Survival		Tagged Coho Apparent Survival*

		2005-06		22,590		29,887		5,946		3,793		26%		13%		19%		-

		2006-07		2,702		1,793		2,776		1,485		100%		83%		95%		-

		2007-08		36,680		32,298		6,101		2,885		17%		9%		13%		-

		2008-09		11,115		3,328		5,711		4,088		51%		100%		68%		-

		2009-10		1,797		- 0		2,129		-		100%		N/A		100%		-

		2010-11		7,988		1,755		3,300		1,334		41%		76%		48%		-

		2011-12		8,155		4,690		8,315		3,173		100%		68%		89%		-

		Coastal Monitoring Program Period:

		2012-13		22,295		330		7,479		99		34%		30%		33%		12%

		2013-14		36,844		16,599		15,055		4,469		41%		27%		37%		15%

		2014-15		18,333		1,034		10,643		2,343		58%		100%		67%		28%



		* From Table 2.











		Lagunitas Creek salmonid cohorts																																														Olema Creek basinwide coho estimates

																																																Year		Total snorkel survey stream length (km)		Population		95% confidence

		COHO																																																		estimate		interval

		Juvenile Survey Year		Olema Juv Coho		LG,SG,DG Juvenile Coho		Smolt Year		Coho Smolts Captured		Coho Smolt Estimate		Olema Coho Smolts		Spawner Year		Coho Redds (-Olema)		Olema Coho Redds		Egg to Fry Survival		Lag Juv-Smolt Survival		Olema Juv-Smolt Survival		Shed Juv-Smolt Suvival		Lagunitas Marine Survival**		Watershed Marine Survival		Fry to Adult Survival**						Redd Prediction Low		Redd Prediction High		Mean Marine Survival				2004*		13.3		22561		± 8,183

		2005		29887		22,590		2006		1,581		5,946		3,793		2007-08		149		33				26%		13%		19%		5.0%		3.7%		1.3%						50		391		5.6%				2005*		11.9		29887		± 9,974

		2006		1793		2,702		2007		611		2,776		1,485		2008-09		26		0				103%		83%		95%		1.9%		1.2%		1.9%						23		183		5.6%				2006*		11.6		1793		± 869

		2007		32298		36,680		2008		2,532		6,101		2,885		2009-10		51		14				17%		9%		13%		1.7%		1.4%		0.3%						51		401		5.6%				2007*		11.8		32298		± 4,018

		2008		3328		11,115		2009		3,150		5,711		4,088		2010-11		80		21		3.2%		51%		123%		68%		2.8%		2.1%		1.4%						48		376		5.6%				2008*		7.8		3328		± 696

		2009		0		1,797		2010		631		2,129		N/A		2011-12		130		7		3.0%		118%		na		118%		12.2%		12.9%		14.5%						18		140		5.6%				2009		13		N/A		N/A

		2010		1755		7,988		2011		1,889		3,300		1,334		2012-13		217		32		6.8%		41%		76%		48%		13.2%		10.7%		5.4%						28		217		5.6%				2010		13.8		1755		± 693

		2011		4690		8,155		2012		4,339		8,315		3,173		2013-14		188		32		4.4%		102%		68%		89%		4.5%		3.8%		4.6%						70		547		5.6%				2011		13.5		4690		± 2,929

		2012		330		21,586		2013		4,942		7,479		99		2014-15		140		6		7.2%		35%		30%		35%		3.7%		3.9%		1.3%						63		492		5.6%				2012		12.7		330		± 744

		2013		13205		36,844		2014		8,857		15,418		4,232		2015-16						7.4%		42%		32%		39%												129		1014						*Estimates created using index reaches as calibration units- data have no weight. 

		2014		1048		18,333		2015		7,373		10,643		2,343		2016-17						3.7%		58%		224%		67%																				Approved protocol methods started in 2009.

		2015				16,896		2016														3.9%



		STEELHEAD

		Juvenile Survey Year		0+ SH Estimate		1+ SH Estimate		Smolt Year		Steelhead Smolts Captured		Steelhead Smolt Estimate				Spawner Year*		LG,SG,DG Steelhead Redds				Egg to Fry Survival		Fry to Smolt Survival						1+ to Smolt Survival		Marine Survival**		Prev Year SH+Coho								Redd Prediction Low		Redd Prediction High		Redd Prediction Mean

		2005		40,814		2,816		2006		308		6,949				2007-08		297												247%		8.5%										54		740		397

		2006		50,773		2,696		2007		475		3,632				2008-09		80						8.9%						135%		4.4%		53475								28		387		208

		2007		45,292		3,498		2008		449		1,134				2009-10		20						2.2%						32%		3.5%		81972								9		121		65

		2008		74,926		1,830		2009		646		2,041				2010-11		16				4.6%		4.5%						112%		1.6%		86041						* Few spawner surveys		16		217		117

		2009		37,674		3,433		2010		651		3,867				2011-12		239				8.6%		5.2%						113%		12.4%		39471								30		412		221

		2010		26,075		3,844		2011		829		3,753				2012-13		184				23.7%		10.0%						98%		9.8%		34063								29		400		215

		2011		35,990		3,200		2012		250		1,991				2013-14		212				40.9%		7.6%						62%		21.3%		44145								16		212		114

		2012		65,963		4,279		2013		684		1,876				2014-15		122				5.0%		5.2%						44%		13.0%		87549								15		200		107

		2013		62,167		2,803		2014		448		1,720										6.1%		2.6%						61%				99011

		2014		43,535				2015				2,699																						80379

		2015																																16896





		CHINOOK

								Smolt Year		Chinook Captured		Smolt Estimate		Spawner Year*		Live Chinook		Chinook Redds				Egg to Fry Smolt								Marine Survival**

								2006		237		504

								2007		775		5628

								2008-11		0		0

								2012		0		0		2013-14		11		8				5.6%								ERROR:#DIV/0!

								2013		0		0		2014-15		100		20				3.8%								ERROR:#DIV/0!

								2014		1229		2011

								2015		2005		3376

		* Assumes steelhead spent two years in the ocean.

		** Assumes two spawners per redd.



53475	81972	86041	39471	34063	44145	87549	99011	3632	1134	2041	3867	3753	1991	1876	1720	2702	36680	11115	1797	7988	8155	21586	36844	3632	1134	2041	3867	3753	1991	1876	1720	Coho fry previous year

Steelhead smolts

3632	1134	2041	3867	3753	1991	1876	80	20	16	239	184	212	122	

marine chart



Steelhead survival caveats: two years in ocean, complete smolt and spawner surveys, two adults per redd.


Apparent Marine Survival

Lagunitas coho	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	5.0117726202489069E-2	1.8731988472622477E-2	1.6718570726110472E-2	2.8016109262826126E-2	0.1221230624706435	0.1315151515151515	4.5219482862297052E-2	3.6903329322101885E-2	3.0023248090335436E-2	Lagunitas steelhead	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	8.5479925169089074E-2	4.405286343612335E-2	3.5273368606701938E-2	1.567858892699657E-2	0.12361003361779158	9.8054889421795896E-2	0.21295831240582622	0.13006396588486141	9.4186046511627902E-2	Spawner Year

Smolt-to-Spawner Survival





Redds+Juv



2009-2015	26	51	80	130	217	188	140	1797	7988	8155	22295	36844	18333	17164	1997-2008	254	253	184	203	204	286	158	383	496	190	338	149	16962	4394	7134	4281	23581	33625	14467	21925	22662	2702	36983	11115	Coho Redds

Juvenile Coho



Juv+smolt



&"Calibri,Regular"&12Figure 9. Juvenile coho abundance and subsequent smolt abundance.		&"Calibri,Regular"&11Olema Creek data not included.


All	22590	2702	36680	11115	1797	7988	8155	22295	36844	18333	17164	41687	5946	2776	6101	5711	2129	3300	8315	7479	15055	10643	9719	29306	Coho smolts 2012-2016	8155	22295	36844	18333	17164	41687	8315	7479	15055	10643	9719	29306	Coho smolts 2006-2011	22590	2702	36680	11115	1797	7988	5946	2776	6101	5711	2129	3300	Juvenile Coho

Coho Smolts



Juv+smolt (2)



&"Calibri,Regular"&12Figure 9. Juvenile coho abundance and subsequent smolt abundance.		&"Calibri,Regular"&11Olema Creek data not included.


All	22590	2702	36680	11115	1797	7988	8155	22295	36844	18333	17164	41687	5946	2776	6101	5711	2129	3300	8315	7479	15055	10643	9719	29306	Coho smolts 2012-2016	8155	22295	36844	18333	17164	41687	8315	7479	15055	10643	9719	29306	Coho smolts 2006-2011	22590	2702	36680	11115	1797	7988	5946	2776	6101	5711	2129	3300	Juvenile Coho

Coho Smolts



coho smolts

		Lagunitas Creek coho year classes

		(MMWD data only)

										Trib				Winter								Smolts by Marine Survival

				Redds		Adults		Juveniles		Juveniles		Smolts		Survival		Year Class 1		Year Class 2		Year Class 3		4%		8%		12%		Low Error		High Error				Smolt theories

		1995		86		172		5,164		2,478		6,350				172						12700		6350		4233		2117		6350

		1996		254		508		8,480		6,012		6,325		122%		8480		508				12650		6325		4217		2108		0

		1997		253		506		16,962		8,284		4,600		54%				16962		506		9200		4600		3067		1533		4600

		1998		184		368		4,394		3,667		5,075		30%		368				4394		10150		5075		3383		1692		5075

		1999		203		406		7,134		4,581		5,100		116%		7134		406				10200		5100		3400		1700

		2000		204		408		4,281		2,008		7,150		100%				4281		408		14300		7150		4767		2383

		2001		286		572		23,581		16,570		3,950		92%		572				23581		7900		3950		2633		1317		400

		2002		158		316		33,625		25,950		9,575		41%		33625		316				19150		9575		6383		3192		9425

		2003		383		766		14,467		8,269		12,400		37%				14467		766		24800		12400		8267		4133		12250

		2004		496		992		21,925		17,365						992				21925		9500		4750		3167		1583		4700

		2005		190		380		22,662		14,065						22662		380				16900		8450		5633		2817		8150

		2006		338		676		2,702		2,239		5,946		26%		5946		2702		676		5946		5946		5946		1238		1238

		2007		149		298		36,983		18,238		2,776		103%		298		2776		36983		2776		2776		2776		692		692

		2008		26		52		11,115		3,576		6,101		16%		11115		52		6101		6101		6101		6101		3745		3745				???

		2009		51		102		1,797		20		5,711		51%		5711		1797		102		5711		5711		5711		235		235				Only 3,600 juveniles in tribs.

		2010		80		160		7,988		2,045		2,129		118%		160		2129		7988		2129		2129		2129		245		245

		2011		130		260		8,155		3,671		3,300		41%		8155		260		3,300		3300		3300		3300		240		240				Few juveniles in tributaries.

		2012		217		434		22,295		11,067		8,315		102%		8315		22295		434		8315		8315		8315		700		700				Very dry winter; Limited outmigration opportunities. Small steelhead pop?

		2013		188		376		36,844		13,748		7,479		34%		376		7479		36,844		7479		7479		7479		257		257

		2014		140		280		18,333				15,055		41%		18,333		280		15,055		15055		15055		15055								Very dry winter; Limited outmigration opportunities

		2015		226		452		17164				10643		58%		10643		17164		452		10643		10643		10643

		2016		127		254		41687				9719		57%		254		9719		41,687		9719		9719		9719

		2017										29306		70%						29,306		29306		29306		29306

		2018

		2019

		2020

		2021

















Back-calculated smolt estimates	0	4600	5075	400	9425	12250	4700	8150	1238	692	3745	235	245	240	700	257	2108.333333333333	1533.333333333333	1691.6666666666665	1700	2383.333333333333	1316.6666666666665	3191.6666666666661	4133.3333333333321	1583.333333333333	2816.6666666666661	1238	692	3745	235	245	240	700	257	5164	8480	16962	4394	7134	4281	23581	33625	14467	21925	22662	2702	36983	11115	1797	7988	8155	22295	36844	6325	4600	5075	5100	7150	3950	9575	12400	4750	8450	5946	2776	6101	5711	2129	3300	8315	7479	15055	Smolt survey results	22662	2702	36983	11115	1797	7988	8155	22295	36844	5946	2776	6101	5711	2129	3300	8315	7479	15055	Juvenile Coho

Coho Smolts

Back-calculated estimate	0	4600	5075	400	9425	12250	4700	8150	1238	692	3745	235	245	240	700	257	2108.333333333333	1533.333333333333	1691.6666666666665	1700	2383.333333333333	1316.6666666666665	3191.6666666666661	4133.3333333333321	1583.333333333333	2816.6666666666661	1238	692	3745	235	245	240	700	257	2478	6012	8284	3667	4581	2008	16570	25950	8269	17365	14065	2239	18238	3576	20	2045	3671	11067	13748	6325	4600	5075	5100	7150	3950	9575	12400	4750	8450	5946	2776	6101	5711	2129	3300	8315	7479	15055	Smolt survey result	14065	2239	18238	3576	20	2045	3671	11067	13748	5946	2776	6101	5711	2129	3300	8315	7479	15055	Tributary Juvenile Coho

Coho Smolts

Create model using trib coho and steelhead.



coho log chart



&"Calibri,Regular"&12Figure 2. Coho year class trends in Lagunitas Creek		


Year Class 1	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	992	22662	5946	298	11115	5711	160	8155	8315	376	18333	10643	254	Year Class 2	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	380	2702	2776	52	1797	2129	260	22295	7479	280	17164	9719	Year Class 3	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	21925	676	36983	6101	102	7988	3300	434	36844	15055	452	41687	29306	Adults	992	380	676	298	52	102	160	260	434	376	280	452	254	Smolts	5946	2776	6101	5711	2129	3300	8315	7479	15055	10643	9719	29306	Juveniles	21925	22662	2702	36983	11115	1797	7988	8155	22295	36844	18333	17164	41687	



coho not log



&"Calibri,Regular"&12Figure 2. Coho year class trends in Lagunitas Creek		


Year Class 1	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	992	22662	5946	298	11115	5711	160	8155	8315	376	18333	10643	254	Year Class 2	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	380	2702	2776	52	1797	2129	260	22295	7479	280	17164	9719	Year Class 3	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	21925	676	36983	6101	102	7988	3300	434	36844	15055	452	41687	29306	Adults	992	380	676	298	52	102	160	260	434	376	280	452	254	Smolts	5946	2776	6101	5711	2129	3300	8315	7479	15055	10643	9719	29306	Juveniles	21925	22662	2702	36983	11115	1797	7988	8155	22295	36844	18333	17164	41687	



coho not log (2)



&"Calibri,Regular"&12Figure 2. Coho year class trends in Lagunitas Creek		


Year Class 1	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	992	22662	5946	298	11115	5711	160	8155	8315	376	18333	10643	254	Year Class 2	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	380	2702	2776	52	1797	2129	260	22295	7479	280	17164	9719	Year Class 3	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	21925	676	36983	6101	102	7988	3300	434	36844	15055	452	41687	29306	Adults	992	380	676	298	52	102	160	260	434	376	280	452	254	Smolts	5946	2776	6101	5711	2129	3300	8315	7479	15055	10643	9719	29306	Juveniles	21925	22662	2702	36983	11115	1797	7988	8155	22295	36844	18333	17164	41687	



egg to fry chart



1996-97	1997-98	1998-99	1999-00	2000-01	2001-02	2002-03	2003-04	2004-05	2005-06	2006-07	2007-08	2008-09	2009-10	2010-11	2011-12	2012-13	2013-14	2014-15	2015-16	2.9034577199589177E-2	7.9934509732581399E-3	1.824552429667519E-2	9.3065217391304356E-3	5.5121552127162229E-2	6.0914855072463761E-2	4.6940298507462688E-2	3.0651474905633996E-2	2.6486676016830295E-2	8.7670343932511347E-3	5.3598550724637685E-2	3.4766969033468882E-2	3.0050167224080267E-2	6.8098891730605279E-2	4.5457079152731332E-2	7.8808766348533052E-2	7.5920049453946009E-2	4.3319943289224949E-2	5.6966478592764692E-2	7.5514874141876423E-2	Egg-to-fry survival



Egg-to-fry

		Years		Lagunitas Creek		San Geronimo Creek		San Geronimo Tributaries		Devil's Gulch		Cheda and Nicasio Creeks		Olema Creek		Total						Juveniles						Survival

																						Lagunitas		San Geronimo		Devil's Gulch		Lagunitas		San Geronimo		SG+Tribs		Devil's Gulch		All

		1982-83		65		47		No Data		27		No Data		No Data		139



		1995-96		70		6		No Data		10		No Data		No Data		86				Coho year class		2,468		4295		1,717

		1996-97		98		115		No Data		41		No Data		No Data		254						8,678		6112		2,172		3.9%		2.3%		2.3%		2.3%		2.9%

		1997-98		80		107		14		52		No Data		134		387						727		3026		641		0.4%		1.2%		1.1%		0.5%		0.8%

		1998-99		92		46		14		32		0		23		207						2,553		1189		3,392		1.2%		1.1%		0.9%		4.6%		1.8%

		1999-00		139		58		3		3		0		10		213						2,273		1458		550		0.7%		1.1%		1.0%		8.0%		0.9%

		2000-01		119		56		18		11		0		80		284						7,011		10114		6,456		2.6%		7.9%		5.9%		25.5%		5.5%

		2001-02		79		102		43		59		3		59		345						7,675		16712		9,238		4.2%		7.1%		5.0%		6.8%		6.1%

		2002-03		71		39		22		24		2		20		178						6,198		5180		3,089		3.8%		5.8%		3.7%		5.6%		4.7%

		2003-04		124		139		66		48		6		109		492						4,560		13076		4,289		1.6%		4.1%		2.8%		3.9%		3.1%

		2004-05		120		140		118		112		6		138		634						8,597		8341		5,724		3.1%		2.6%		1.4%		2.2%		2.6%

		2005-06		53		48		54		33		2		9		199						463		1842		397		0.4%		1.7%		0.8%		0.5%		0.9%

		2006-07		128		117		26		55		12		95		433						18,745		13098		5,140		6.4%		4.9%		4.0%		4.1%		5.4%

		2007-08		87		46		9		6		1		33		182						7,539		2372		1,204		3.8%		2.2%		1.9%		8.7%		3.5%

		2008-09		25		1		0		0		0		0		26						1,777		20		0		3.1%		0.9%		0.9%				3.0%

		2009-10		42		7		0		2		0		14		65						5,943		317		1,728		6.2%		2.0%		2.0%		37.6%		6.8%

		2010-11		32		40		2		6		0		21		101						4,484		2499		1,172		6.1%		2.7%		2.6%		8.5%		4.5%

		2011-12		94		19		3		10		4		7		137						11,228		5832		5,235		5.2%		13.3%		11.5%		22.8%		7.9%

		2012-13		108		59		4		44		2		32		249						23,096		6678		7,070		9.3%		4.9%		4.6%		7.0%		7.6%

		2013-14		172		7		3		5		1		32		220						18,188		22		123		4.6%		0.1%		0.1%		1.1%		4.3%

		2014-15		79		32		7		20		0		5		143						8,607		6716		1,841		4.7%		9.1%		7.5%		4.0%		5.7%

		2015-16		91		68		28		31		4		66		288						17000		11000		5000		8.1%		7.0%		5.0%		7.0%		7.6%



		Mean		91		60		23		29		2		47		252						7991		5709		3151		4.0%		4.1%		3.2%		8.5%		4.3%

																												3.8%		2.6%		2.3%		5.1%		4.3%







Stream Flows and  Winter Survival














Conclusions

Eric Ettlinger
Aquatic Ecologist
Marin Municipal Water District
eettlinger@marinwater.org October 26, 2017

• Juvenile coho salmon suffer high mortality in most 
winters as a likely result of:
– Incised streams that are disconnected from floodplains.
– A lack of complex shelter in the channel.

• Strategically placed wood structures are intended to:
– Inundate floodplains more frequently and for longer durations.
– Cause sediment deposition, further reconnecting floodplains.
– Provide refuge from predators and flows.
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Salmon Habitat Restoration at Muir 
Woods National Monument

October 26, 2017

Carolyn Shoulders
Natural Resources GGNRA
Carolyn_Shoulders@nps.gov









“To keep every cog 
and wheel is the 
first precaution of 
intelligent 
tinkering”
-Aldo Leopold, 1949.  A 
Sand County Almanac





The reach of Redwood Creek through Muir 
Woods has a low rate of juveniles, even though 

a high rate of spawning occurs there

Spawners, 1994-2015

Photo- NOAA

Juveniles, 1994-2015



A long-term record of poor juvenile numbers at 
Muir Woods

Juveniles, 1994-2015

Data – Fong, Reichmuth, 2016







Rock Riprap on 3,500 LF, or 60% of Banks,  
on One Mile of Channel



• Click to edit text styles
– Second level

• Third level
– Fourth level

» Fifth level

Floodplain Disconnected Due to Channel 
Incision

Sediment 
Needs to be 
Trapped to 
Rebuild Channel



• Historic 
Feature at Muir 
Woods

• Consultation 
with SHPO

• Protection of 
Cultural 
Landscape at 
Muir Woods

Rock Installed by Civilian Conservation 
Corps (CCC’s) in 1930’s



• Remove 1,627 LF of Riprap (48 %)
• Relocate 40-50 Fallen Trees into Creek

– Excavate Pools before Placing Trees
– Regrade some banks; or where roots suggest stability, 

leave as-is and revegetate

Rock Out



Redwood Tree Response?

2017- Slid from Hillsope

2015 – Fell from Terrace

Buttress Roots



Winter Habitat from Exposed Roots



• Remove One Leg of 
Split Trail at Cathedral 
Grove (300 LF)

• Realign segment of 
Main Trail on West Side 
of Creek (440 LF)

• Realign Segment of 
Main Trail Near Fern 
Creek (115 LF)

Remove or Realign Three Trail Segments 
at the Top of Bank



• Store More Groundwater
• Increase Flow to Creek in Dry 

Season
• Support Vegetation

Add Rock Grade Control 
to Incised Tributary



• Trap Sediment
• Create roughness/complexity
• 24 locations; only 2 span the channel
• Stewardship Activity
• Supplements Large Wood Structures (Longer lasting)

Trap Sediment by
Beaver Dam Analogs
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Years Of Monitoring
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Better Habitat & Better Coho Survival, 
Channel Recovery & Wilder Old Growth 

Redwood Forest

Carolyn Shoulders
Natural Resource Specialist
Golden Gate National Recreation Area
Carolyn_Shoulders@nps.gov October 26, 2017
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Frog Pond at Mount Burdell Open 
Space Preserve

Lisa Michl
Wildlife Biologist
Marin County Parks
Lmichl@marincounty.org
415-473-2128 October 26, 2017

mailto:Lmichl@marincounty.org


Approximate historical range 
of CRLF
Introduced population

• Federal Threatened Species 
(1996)

• CA species of special 
concern

• Extirpated from ~70% of 
former range

California Red-Legged Frog



• Only location of 
California red-legged 
frogs in our 34 
preserves is Mt. Burdell

• Nearby breeding pond 
on private land

Location



Create California red-legged frog breeding 
habitat on Mt. Burdell

Goal



Location



• Need:
– Sufficient water to 

maintain pond depths
• Near natural springs
• High water table

– Soil type
• Pond construction
• Water retention

Specifications

Simpson Landscape Maintenance, Inc.



Examples

Mori Point – GGNRA

Sears Point – Sonoma Land Trust

La Honda Creek OSP – Midpeninsula Regional Open Space



• Rancher
• Marin/Sonoma Mosquito and Vector Control
• Local Community

Stakeholders



Design



Design



Permits

https://www.fws.gov/


• Biological monitor
– Frog surveys prior to work

• Potentially have exclusion 
fencing

– Bird surveys

• What about extra soil?
– Use on-site to cover invasive star-

thistle
– Use in Stafford Lake bike park

Construction Plan



• Monitor for:
– Egg masses
– Native vegetation
– Invasive species

• Opening up to cattle (work with rancher)

Monitoring Plan



Next Steps

October 26, 2017

• Acquiring permits
• Constructing outside of rainy season (road 

was a creek during winter)
• Outside of cattle grazing (Jan – May/June)
• Planning on constructing in June 2018

Lisa Michl
Wildlife Biologist
Marin County Parks
Lmichl@marincounty.org
415-473-2128

mailto:Lmichl@marincounty.org
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