Table 1 .  	MONITORING SUMMARY  -  Summary of CMARP monitoring needs for fall-run chinook salmon and steelhead in the San Joaquin tributaries (Stanislaus, Tuolumne, and Merced rivers) the eastside Delta tributaries (Cosumnes, Calaveras, and Mokelumne rivers), and the lower Sacramento River tributaries (American, Feather, Yuba, and Bear rivers, and Dry Creek basin).  Priority refers to management and restoration needs and Efficiency refers to the ability of the study method to resolve the uncertainties.  Estimated Cost is based on a design that addresses the listed hypotheses discussed in Section II with recommended study methods described in Section III.











�
Study Description�
Priority�
Effectiveness�
Location�
Estimated Cost�
Funded �tc "Funded " \l 2��
Implementing Agency�
Funding Source�
�
Adult Monitoring�tc "Adult Monitoring"��
�
�
�
�
�
�
�
�
1.  Escapement (carcass) survey


     using standardized data recording        for cwt recovery





     Study Objective: Indicator


















































Age analysis using scales and otoliths for cohort segregation .





Study Objective: Indicator - Population model





�
Salmon: high


Steelhead: high





















































Salmon: high


Steelhead: high�
Salmon: high





Steelhead: high for rivers with ladders; otherwise medium












































Salmon: high





Steelhead: high�
American River (salmon and steelhead)


Bear River


Calaveras River


Cosumnes River


Dry Creek basin


Feather River (salmon and steelhead)





Merced River (salmon and steelhead)


Mokelumne River (ladder counts)


Stanislaus River (salmon and steelhead)


Tuolumne River (salmon and steelhead)


Yuba River (salmon and steelhead)








All Rivers�
$62,000





$20,000


$20,000


$20,000


$20,000


$30,000








$30,000





$12,000





$30,000





$30,000





$30,000











$30,000/


river/


year�
Yes - salmon only


No


No


Not Secure


Pilot


Yes – salmon only





Yes – salmon only


Yes





Yes – salmon only 


Yes – salmon only


Yes – salmon only








No�
CDFG





-


-


TNC


DCC


CDFG








CDFG





EBMUD





CDFG





CDFG





YCWA











-�
CDFG





-


-


TNC


AFRP


CDFG/


DWR





CDFG





EBMUD





CDFG





CDFG/ 


T/ModID


YCWA











-�
�
2.  Hatchery Counts





     Study Objective: Indicator�
High�
High�
American River 


(Nimbus Hatchery)


Feather River 


(Feather River Hatchery)


Mokelumne River (Mokelumne River Hatchery)


Merced River 


(Merced River Hatchery)�
$  8,000





$  8,000





$  8,000





$  8,000�
Yes





Yes





Yes





Yes�
CDFG





CDFG





CDFG





CDFG


�
USBR





DWR





EBMUD/


CSTS


CDFG/


MID


�
�
�
3.  Redd distribution survey –  Assumption made that redd distribution within riffles can be mapped with existing budgets except where early surveys are needed


(for chinook salmon, except as noted)





Study Objective: Address hypotheses B-9 and B-10.





�
High�
High�
American River


Bear River


Calaveras River


Cosumnes River (aerial photos)


Dry Creek basin


Feather River


Merced River


Mokelumne River (salmon 	and steelhead)


Stanislaus River


Tuolumne River


Yuba River (salmon and steelhead)�
$10,000/


stream























�
Yes


No


No


Yes


No


Yes


Yes


Yes





Yes


Yes


No�
CDFG


-


-


CDFG


-


CDFG


CDFG


EBMUD





CDFG


CDFG


-


�
CDFG


-


-


CDFG


-


CDFG/DWR


CDFG


EBMUD





CDFG


CDFG


-�
�
4.  Angler survey





Study Objective: Address hypotheses A-8, B-14, B-15, B-16, and D-21. �
High�
High�
American River


Feather River


Mokelumne River





Stanislaus River


Yuba River�
$65,000


$75,000


$93,000





$37,000


$85,000�
Yes


Yes


Yes





Yes


Yes�
CDFG


CDFG


CDFG





CDFG


CDFG�
CVPIA


CVPIA


CVPIA/


EBMUD


CVPIA


CVPIA�
�
5.  Hatchery Marking and Standardized Recording of Tag Recoveries (Mark/tag a constant fraction of hatchery produced juveniles; examine adults for marks in ocean/inland fisheries, carcass surveys, hatchery counts) 





Study Objective: Address hypothesis A-1.�
High�
Chinook salmon – high





Steelhead -  100% marked/tagged since 1998�
American River 


(Nimbus Hatchery)





Feather River 


(Feather River Hatchery)





Mokelumne River (Mokelumne River Hatchery)





Merced River 


(Merced River Hatchery)�
$240,0001


$    9,4002





$300,0001


$  33,0002





$  80,0001


$    7,1002





$  30,0001�
Partial –Steelhead only�
CDFG








DWR








CDFG








CDFG�
CDFG


(steelhead)





DWR


(steelhead)





CDFG


(steelhead)





-�
�
�
6. Upstream Migration Timing from the Delta





Study Objective: Address hypothesis A-7.�
High�
Medium�
American River


Feather River


Merced River


Mokelumne River


Stanislaus River


Tuolumne River


Yuba River�
$100,000 –


pilot study�
No�
-�
-�
�
7. Pre-spawning mortality assessment





Study Objective: Address hypotheses A-12 and A-13.�
Low�
Medium�
American River


Feather River


Merced River


Mokelumne River


Stanislaus River


Tuolumne River


Yuba River�
$25,000 – pilot study�
No�
-�
-�
�
8.  Ocean monitoring: Ocean conditions & harvest





Study Objective: Address hypotheses F-1 and F-2.�






High�






High �






Pacific Ocean�






$350,000�






Yes�






CDFG�






CDFG/NMFS/DWR/USFWS�
�
Juvenile Monitoring�tc "Juvenile Monitoring"��
�
�
�
�
�
�
�
�
1.  Rotary screw trap sampling to determine outmigrant abundance and timing  (using standardized trap efficiency tests, improved capture efficiencies -- additional funds may be needed to improve capture efficiencies and to conduct additional efficiency tests)





Study Objective: Indicator and address hypotheses D-3, D-11, E-3, and E-10.


�
High�
High�
American River


Cosumnes River


Dry Creek basin


Feather River


Merced River


Mokelumne River (screw trap/incline plane trap)


Stanislaus River


(Oakdale/Caswell sites)


Tuolumne River –


	Shiloh Bridge


	Roberts Ferry Bridge


	Charles Road








Yuba River





All Rivers-Funding for additional capture efficiency tests and streambed modifications


�
$100,000


$100,000


$100,000


$130,000


$130,000


$150,000





$220,000








$130,000


$130,000


$130,000








$130,000





$450,000


�
Yes


Yes


Not secure


Through 2000


No


Yes





Yes








No


Yes


Yes








No





No�
CDFG


TNC


CDFG


DWR


-


EBMUD





S.P. Cramer








-


T/ModID/AFRP


T/ModID/AFRP








-�
CVPIA


TNC


CVPIA


DWR


-


EBMUD





CVPIA/


OSSJID





-


T/ModID/AFRP


T/ModID/AFRP








-�
�
�
2.  Juvenile rearing studies:


	Abundance and Health indices





Study Objective: Indicators


























�
High�
High�
Feather River – Spring/summer snorkel surveys to determine salmon and steelhead survival





American River – Seining survey to monitor distribution/habitat use (salmon)


Seine, snorkel, electrofishing surveys to assess habitat use and timing of fry emergence (steelhead)





Cosumnes River – seining in newly opened floodplain habitat





Mokelumne River – seine and electrofishing surveys, dietary analysis (salmon and steelhead)





Tuolumne River –  juvenile seining surveys (salmon)





Yuba River – snorkel surveys (salmon and steelhead)





Merced River –  Juvenile surveys (salmon)





Stanislaus River – Juvenile surveys (salmon and steelhead)�
$50,000/


stream�
Partial











Partial


























Partial











Partial











Partial








Partial








No








No�
DWR











CDFG


























TNC











EBMUD











    T/ModID








     YCWA








-








-�
DWR











CDFG


























TNC











EBMUD











  T/ModID








   YCWA








-








-�
�
�
3. Smolt survival studies using mark-recapture methods with calibration releases for each test.





Study Objective: Address hypotheses E-1, E-2, D-6, and D-8.�
High�
High�
American River


Feather River


Merced River (small and large release groups)


Mokelumne River


Stanislaus River(small and large release groups)


Tuolumne River (small and large release groups)


Yuba River�
$50,000/


stream�
No


No


Yes





Yes





Yes





Yes





No�
-


-


CDFG





EBMUD





CDFG





CDFG/


T/ModID


-�
-


-


CDFG





EBMUD





CDFG





CDFG/


T/ModID


-�
�
Habitat Monitoring�tc "Habitat Monitoring"��
�
�
�
�
�
�
�
�
1.  Water temperature monitoring


(Chinook salmon – adult spawning, and egg incubation , October through December


Juvenile rearing – January through June, Steelhead – year-round)


 


Study Objective: Address hypothesis B-9 and temperature/flow management.�
High�
High�
American River (salmon and steelhead)


Bear River (salmon only)


Calaveras River (salmon only)


Cosumnes River (salmon only)


Dry Creek basin (salmon only)


Feather River (salmon and steelhead)


Merced River (salmon only)


Mokelumne River (salmon and steelhead)


Stanislaus River (salmon and steelhead)


Tuolumne River (salmon only)


Yuba River (salmon and steelhead) �
$10,000/


stream�
Yes





No


No


No


No


Yes





Yes


Yes





Yes





Yes


Yes�
CDFG





-


-


-


-


DWR





CDFG


EBMUD





CDFG





T/ModID


YCWA�
CDFG





-


-


-


-


DWR





CDFG


EBMUD





CDFG





T/ModID


YCWA�
�
2.  Evaluate dissolved oxygen (DO)      concentrations (San Joaquin River  near Stockton)





Study Objective: Address hypotheses A-3, A-4, A-5, A-6, A-8, and A-9.�
Medium�
Medium�
San Joaquin River�
$80,000�
No�
-�
-�
�



1Hatchery marking costs for fall-run chinook estimated based on the following total hatchery production rates, a mark/tag rate of 20%, and an estimated mark/tag  cost of $0.10 per fish: 


	American River (Nimbus Hatchery)  	 	12,000,000 


	Feather River (Feather River Hatchery)	             15,000,000


	Merced River (Merced River Hatchery)	               1,500,000


	Mokelumne River (Mokelumne River Hatchery)     4,000,000 	


2 Hatchery marking costs for steelhead based on estimated costs for labor, management, and equipment at Central Valley hatcheries (CDFG 1997)   


�
�
Table 2.	RESEARCH SUMMARY  -  Summary of CMARP research needs for fall-run chinook salmon and steelhead in the San Joaquin tributaries (Stanislaus, Tuolumne, and Merced rivers) the eastside Delta tributaries (Cosumnes, Calaveras, and Mokelumne rivers), and the lower Sacramento River tributaries (American, Feather, Yuba, and Bear rivers, and Dry Creek basin).  Priority refers to management and restoration needs and Efficiency refers to the ability of the study method to resolve the uncertainties.  Estimated Cost is based on a design that addresses the listed hypotheses discussed in Section II with recommended study methods described in Section IV.








Study Description�
Priority�
Effectiveness�
Location�
Estimated Cost�
Funded �tc "Funded " \l 2��
Implementing Agency�
Funding Source�
�
1.  Compile and summarize past studies.�
High�
High�
Stanislaus River


Tuolumne River


Mokelumne River


All Others�
$15,000/


stream�
Partial


Partial


Partial


No�
SEWD


TID/ModID


EBMUD


-�
SEWD


TID/ModID


EBMUD


-�
�
Adult Research Needs�tc "Adult Research Needs"��
�
�
�
�
�
�
�
�
�
1.	Evaluate alternative methods to estimate escapement  


2.	        (Alaskan counting weir,                         hydroacoustics)


3.	


4.	Study Objective: Indicators�
Medium�
Unknown�
American River


Feather River


Merced River


Mokelumne River Stanislaus River


Tuolumne River


Yuba River


�
$200,000 – pilot study�
No�
-�
-�
�
5.	Analyze scales/otoliths to evaluate survival of fish rearing in the tributaries vs. the Delta.                        


6.	Study Objective:  Address hypotheses  D-2 and D-11.�
High�
Medium �
American River (salmon 	and steelhead)


Feather River (salmon 	and steelhead)


Merced River (salmon)


Mokelumne River (salmon and steelhead)


Stanislaus River (salmon 	and steelhead)


Tuolumne River (salmon)


Yuba River (salmon 	and steelhead)�
$250,000 - pilot study for 5 yrs on  one stream�
Partial-salmon


No





No


No





No





No


Yes-steelhead�
CDFG





-





-


-





-





-


YWCA �
CDFG





-





-


-





-





-


CALFED/


AFRP�
�
�
3.  Conduct further genetic studies to evaluate stock composition of natural spawning runs and hatchery returns; evaluate genetic effects of hatchery stocking 





Study Objective:  Address hypotheses B-17, and B-18.�
High�
Low – medium�
American River (salmon 	and steelhead)


Feather River (salmon 	and steelhead)


Merced River (salmon)


Mokelumne River (salmon and steelhead)


Stanislaus River (salmon 	and steelhead)


Tuolumne River (salmon)


Yuba River (salmon 	and steelhead)


�
$50,000/


stream�
No





No





No


No





No





No


Proposed


For steelhead�






























YCWA�






























Prop. 204�
�
4.  Evaluate relationships between escapement, population parameters, and environmental factors through correlation analysis.  Develop population model to evaluate changes in escapement relative to restoration efforts





Study Objective: Indicator�
High�
Medium�
American River


Feather River


Merced River


Mokelumne River


Stanislaus River


Tuolumne River


Yuba River�
$75,000/


stream�
No�
-�
-�
�
5.  Adult radio tracking studies to identify migration barriers





Study Objective:  Address hypothesis A-11.�
High�
High�
American River


Feather River


Merced River


Mokelumne River


Stanislaus River


Tuolumne River


Yuba River�
$100,000/


stream�
No�
-�
-�
�
6. Empirically determine optimum spawning flows and compare results to IFIM modeling.





Study Objective:  Address hypotheses B-1, B-2, B-3.�
High�
Medium�
American River (salmon and steelhead)


Bear River (salmon and steelhead)


Feather River (salmon and steelhead)


Merced River (salmon)


Mokelumne River (salmon and steelhead)


Stanislaus River (salmon and steelhead)


Tuolumne River (salmon)


Yuba River (salmon and steelhead)�
$100,000/


stream -


Pilot Study on American River First





�
Partial





No





No





No


No





No





No


No�
CDFG





-


-


-


-





-





-


-�
AFRP





-


-


-


-





-





-


-�
�
�
Juvenile Research Needs�tc "Juvenile Research Needs"��
�
�
�
�
�
�
�
�
1.  Evaluate effects of physical disturbance (anglers, boats, etc) on egg survival in redds�tc "1.  Evaluate effects of physical disturbance (anglers, boats, etc) on egg survival in redds"�


Study Objective:  Address hypothesis C-7.�
Low�
Low – medium�
American River


Merced River


Mokelumne River


Stanislaus River


Tuolumne River


Yuba River�
$35,000- Pilot study on one river�
No�
-�
-�
�
2.  Evaluate alternate assessment techniques to measure juvenile abundance (hydroacoustics, etc.)





Study Objective: Indicator�
High�
Unknown�
American, Feather, Merced, Mokelumne, 


Stanislaus, Tuolumne, or 


Yuba River�
$100,000 – pilot study on one river�
No�
-�
-�
�
3.  Correlate juvenile abundance, distribution and health indices with flow, water temperature, habitat complexity, food supply, and other habitat features.





Study Objective:   Address hypotheses D-1, D-7, D-17, D-18, D-19, and D-20.


	








�
High�
High�
Feather River – Spring/summer snorkel surveys


American River – Seining, snorkel and electrofishing


Cosumnes River – seining in newly opened floodplain habitat


Mokelumne River – seine and electrofishing 


Tuolumne River –  seining surveys


Yuba River – snorkel - surveys


Merced River


Stanislaus River – �
$250,000/


stream�
Partial








Partial





Partial








Partial





Partial





Partial





No


No�
DWR








CDFG





TNC








EBMUD








    T/ModID





     YCWA





-


-�
DWR








CDFG





TNC








EBMUD





  T/ModID





   YCWA





-


-�
�
4 & 5.  Smolt survival studies to determine in-river sources of mortality (predation, unscreened diversions, stranding, etc.)     





Study Objective:   Address hypotheses E-9, E-7, E-8, E-4, 


E-5, E-6, D-4 and D-8.


�
High�
Salmon: medium





Steelhead: high�
American River (salmon and steelhead)


Feather River (salmon and steelhead)


Merced River (salmon)


Mokelumne River (salmon and steelhead)


Stanislaus River (salmon and steelhead)


Tuolumne River (salmon)


Yuba River (salmon and steelhead)


�
$250,000/


stream�
No





No





No


No





Partial





No





No�
-





-





-


-





O/SSJID





-





-�
-





-





-


-





O/SSJID





-





-�
�
�
5.  Survey Predator Populations





Study Objective:   Address hypotheses E-4, E-5, E-6, D-4 and D-8.


�
High�
Medium�






Tuolumne River


American River


Feather River


Yuba River


Merced River


Mokelumne River 


Stanislaus River �
$50,000/


stream�






Yes


-


-


-


-


Yes


�






TID/ModID


-











EBMUD�






TID/ModID


-











EBMUD�
�
6.  Conduct bioassay studies with eggs and naturally produced juveniles of both salmon and steelhead to evaluate stock-specific effects of water temperature�tc "6.  Conduct bioassay studies with eggs and naturally produced juveniles of both salmon and steelhead to evaluate stock-specific effects of water temperature"�


Study Objective:   Address hypotheses D-5, D-6, D-7, D-8, 


B-8, B-8a, and B-12.


�
High�
High�
All Central Valley�
$300,000�
Partial�
U.C. Davis�
-�
�
	Habitat Assessment�tc "	Habitat Assessment"��
�
�
�
�
�
�
�
�
�
1.  Assess fluvial geomorphology relationships for gravel recruitment, sediment transport, streamflow, floodplain restrictions, watershed erosion, riparian vegetation, terrestrial invertebrate-food availability, and land use.





Study Objective:   Address hypotheses B-4, B-5, B-7, B-11, B-13, C-1, C-2, C-3, C-4, C-5, C-6, C-8, D-9, D-13, D-15, D-16.


























�
High�
High�
American River





Feather River 





Merced River





Mokelumne River





Stanislaus River





Tuolumne River  - monitoring at restoration project sites and other locations throughout river





Mokelumne River – assess effects of flow on riparian vegetation





Yuba River





Mainstem San Joaquin River�
$250,000/


stream�
No





No





No





No





No





Partial














Yes











No





No


�
-





-





-





-





-





AFRP/


CALFED


Cat. III








EBMUD





-





-


�
-





-





-





-





-





AFRP/


CALFED Cat. III








EBMUD





-�
�
�
2.  Assess spawning habitat; evaluate methods of spawning habitat improvement





Study Objective:   Address hypotheses B-4, B-5, B-7, B-11, B-13, C-1, C-2, C-3, C-4, C-5, C-6, 


and C-8.�
High�
High�
American River – spawning habitat assessment; evaluation of salmonid spawning habitat improvement procedures





Feather River – surveys to assess restoration needs





Mokelumne River – measure physical parameters/use at salmonid spawning sites





Stanislaus River – assess physical spawning habitat at 18 project sites; assess movement of newly added gravel in Good win Canyon





Tuolumne River – gravel quality assessment�
$80,000/


yr/stream


(including restoration projects)





�
Partial














Partial








Partial











Partial














Partial�
CDFG














DWR








EBMUD











Carl Mesick Consultants











T/ModID/


SF


�
CVPIA/


CDFG











DWR








EBMUD











CALFED


Category III











T/ModID/


SF�
�
3.  Evaluate effects of groundwater pumping on streamflow and water temperature





Study Objective:   Address hypotheses B-6 and D-10.�
High�
Medium�
Mokelumne 


Calaveras


Cosumnes�
$100,000/


stream�
No�
- �
-�
�
4.  Evaluate effects of contaminants from use of dormant spray in floodplains, agricultural return flow and urban storm runoff on egg and juvenile survival.





Study Objective:   Address hypotheses C-5, D-12, D-14, and D15.�
Medium�
Medium�
American River (salmon and steelhead)


Cosumnes River


Feather River (salmon and steelhead)


Merced River (salmon)


Mokelumne River (salmon and steelhead)


Stanislaus River (salmon and steelhead)


Tuolumne River (salmon)


Yuba River (salmon and steelhead)


Mainstem San Joaquin�
$500,000�
No�
-�
-�
�



�
Habitat Baseline Studies�tc "Habitat Baseline Studies"��
�
�
�
�
�
�
�
�
1.  Complete GIS mapping of spawning riffles�
High�
High�
Stanislaus River


Tuolumne River





Merced River�
$50,000/


stream�
Yes


Yes





Yes�
CDFG


CDFG/


T/ModID/SF


CDFG�
CDFG


CDFG/


T/ModID/SF


CDFG�
�
2.  Complete GIS mapping of riparian vegetation�
Medium�
Medium�
Feather River





Tuolumne River





Yuba, Bear, Feather, Mokelumne�
$50,000/


stream





�
Yes





Yes





Yes�
DWR





T/ModID





Chico State�
DWR





T/ModID





For Sale�
�
3.  Evaluate effects of fluctuating flows�
Medium�
Medium�
American River –  study of habitat type and flow conditions resulting in stranding, isolation, and redd dewatering





Tuolumne River – flow fluctuation/ stranding assessment study





Stanislaus River -  flow fluctuation/ stranding assessment study�
$100,000
































�
Yes














Yes











Yes


�
CDFG














EA











CDFG�
USBR/


CDFG











T/ModID/


SF








CVPIA


�
�
4.  Develop temperature model to describe effects of streamflow/other factors on water temperature�
High�
High�
Bear River


Feather River


Stanislaus River


Mainstem San Joaquin River�
$150,000


$150,000


$400,000


$400,000�
Proposed


Yes


Yes


No�
-


DWR


Multiple


-�
-


DWR


Multiple


-�
�
5.  Conduct existing conditions survey of salmonid habitat�
Medium�
Medium�
Dry Creek basin�
$ 50,000�
Yes�
DCC�
AFRP�
�
�
6. Evaluate reintroduction of steelhead above dams�
Medium�
Medium�
Yuba River (Englebright Dam)�
$200,000�
Proposed�
SYRCL�
Prop. 204�
�
7. Conduct IFIM studies to assess the relationship between flow and habitat.


�
High�
Medium�
American River (salmon and steelhead)





Bear River (salmon and steelhead)





Feather River (salmon and steelhead)





Merced River (salmon)





Mokelumne River (salmon and steelhead)





Stanislaus River (salmon and steelhead)





Tuolumne River (salmon)





Yuba River (salmon and steelhead)





Mainstem San Joaquin River�
Complete








Partial








Complete








Complete





Complete








Complete








Complete





Complete








$200,000�
Yes








No








Yes








Yes





Yes








Yes








Yes





Yes








No�
-








-








-








-





-








-








-





-








-�
-








-








-








-





-








-








-





-











-�
�
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