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Background and Rationale 
 
The Department of Fish and Game Water Branch is developing performance 
measures for the CALFED Ecosystem Restoration Program.  We have looked at 
indicators of estuarine habitat suitability for the Delta Regional Ecosystem 
Restoration Implementation Program (DRERIP) component of the ERP.  This 
report explains the development of our estuarine habitat suitability index.  The 
datasets used are presented in Table 1 and included in the associated Microsoft 
Excel spreadsheet. 
 
The estuarine habitat indicator will eventually include four components.  To date, 
we have compiled the data needed for three of these.  Our GIS staff is working on 
the fourth.  Ultimately, the indicator will include outflow + sediment concentration + 
food supply + acreage of open-water and hydraulically connected land-water 
interface.  The latter data set is not compiled, so this document focuses on a 
partial indicator comprised of the first three components. 
 
Table 1. Data used to develop the estuarine habitat performance indicator for the 
DRERIP. 
Data set Source Time period 
Daily X2 position Wim Kimmerer (San Francisco 

State University and DAYFLOW; 
http://www.water.ca.gov/dayflow/) 

Water years 1957-2006 

Central Valley unimpaired 
runoff index 

California Data Exchange Center 
(http://cdec.water.ca.gov/intro.html)

Water years 1957-2006 

Sacramento River sediment 
concentration 

Scott Wright (US Geological 
Survey) 

Water years 1957-2006 

Average density of mysid 
shrimp 

Randy Baxter (DFG Bay-Delta, 
Region 3) 

March-November 1972-
20061

1Estimated back to 1957 following Jassby et al. (1995) 
 
The nursery function of habitats in tidal river estuaries has been conceptually 
described as the outcome of a flow regime over a landscape (Peterson 2003).  
This conceptual model was based in part on the research that led to the use of X2 
in the San Francisco Estuary.  The location of X2 has been used in the scientific 
literature as an indicator of how “high” or “low” habitat suitability is in the San 
Francisco Estuary’s low-salinity zone (Jassby et al. 1995; Feyrer et al. in revision).  
The estuary’s low-salinity zone (LSZ) has for many years been recognized as a 
fish nursery habitat of significance (Turner and Chadwick 1972; Herbold et al. 
1992). 
 

 



 
   

The location of X2 is the distance in km from the Golden Gate Bridge to the 2 psu 
isohaline (Jassby et al. 1995; Kimmerer 2002; Figure 1).  X2 is always presented 
as a numeral with lower values indicating locations closer to the Golden Gate and 
higher values indicating locations closer to the Delta.  For instance, during the past 
40 years, monthly mean X2 has varied from as far downstream as San Pablo Bay 
(~ 45 km) to as far upstream as Rio Vista on the Sacramento River (~ 95 km). 
However, the LSZ habitat that X2 indexes also expands when river flows into the 
estuary are high (e.g, Kimmerer et al. 2009).  Similarly, the LSZ contracts as it 
moves upstream when river flows are low, and because channel depth and width 
vary greatly up the axis of the estuary, changes in X2  change habitat area or 
volume in a non-linear manner. 
 
The evolution of the state of science regarding Delta outflow is briefly: 
 

• Higher spring river flows were statistically associated with higher striped 
bass townet survey abundance indices (Turner and Chadwick 1972) 

 
• Higher spring river flows were statistically associated with higher Fall 

Midwater Trawl survey (FMWT) abundance indices of several fishes 
including striped bass and longfin smelt, but not delta smelt (Stevens and 
Miller 1983) 

 
• Higher river flows were credited with having a large influence on striped 

bass population dynamics (Stevens et al. 1985) 
 
• The number of 2 psu isohaline days in Suisun Bay during spring was 

statistically associated with delta smelt abundance in the fall (Herbold et al. 
1992) 

 
• The concept and derivation of X2 as an estuarine habitat suitability indicator 

correlated with river flow were formalized; variation in winter-spring X2 was 
statistically associated with variation in the abundance of several estuarine 
organisms (Jassby et al. 1995) 

 
• Changes in the estuarine food web following the overbite clam Corbula 

amurensis invasion changed fish production per unit flow. The clam 
appeared to have stolen some of the potential low-salinity zone productivity 
for some fishes, but its effect did not change the slopes of the statistical 
associations between X2 and abundance (or survival) of several estuarine 
organisms.  Therefore, river flow-driven enhancement of the estuarine food 
web was not the primary reason for the historically observed “fish-flow 
relationships” (Kimmerer 2002). 

 
• The “Pelagic Organism Decline” years were characterized by a coincident 

abundance decline of 4 pelagic fishes and a drop in striped bass and longfin 
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smelt abundance indices below those predicted by the post-Corbula X2 
abundance relationships (Sommer et al. 2007). 

 
• Water quality parameters that covary with Delta outflow during the fall 

(estuarine salinity and turbidity) were statistically associated with the 
presence or absence of several fishes including delta smelt in the FMWT.  
Statistical evidence for an effect of fall salinity on delta smelt population 
dynamics following the overbite clam invasion was also reported (Feyrer et 
al. 2007). 

 
• Variation in winter-spring X2 was shown to be statistically associated with 

abundance indices of more fishes than reported previously.  It was also 
shown through modeling that variation in X2 represents changes in the 
volume of low-salinity zone habitat.  Kimmerer et al. (2009) concluded that 
in most cases, this habitat expansion during winter-spring did not appear to 
be a likely mechanism for the “fish-flow relationships”. 

 
• The statistical association of winter-spring X2 and longfin smelt abundance 

indices continues to be supported – even after controlling for some potential 
longfin smelt predators and prey in the same analysis.  X2 effects on delta 
smelt continue to not be supported, though export effects were (Thompson 
et al. in press; Mac Nally et al. in press). 

 
• During fall, there is a strong nonlinear correlation between X2 and delta 

smelt habitat suitability.  Fall habitat suitability is correlated with the FMWT 
abundance indices for delta smelt (Feyrer et al. in revision). 

 
The Flow Component:  Herbold et al. (1992) reported that the FMWT index for 
delta smelt could be predicted from the number of days that X2 was in Suisun Bay 
during spring.  This definition refers to Suisun Bay in the broadest sense, about 55-
74 km as shown in Figure 1.  Since their writing, it has repeatedly been shown that 
the “spring X2 days” and other summaries of spring X2 do not predict delta smelt 
abundance as indexed by the FMWT (Jassby et al. 1995; Bennett 2005).  This 
might be because spring X2 is less important to delta smelt population dynamics 
than entrainment or habitat conditions later in the year, which have become 
increasingly decoupled from winter-spring conditions (Figure 2). 
 
The estuarine habitat indicator should reflect habitat suitability for delta smelt, but 
not be limited to delta smelt.  Thus, we have used the Herbold et al. (1992) notion 
of X2 days, but expanded on it based on the increasing scientific understanding of 
estuarine habitat since 1992.  First, we have not limited our use of X2 only to days 
that it is in Suisun Bay, but rather to days it is at least as far downstream as Chipps 
Island in eastern Suisun Bay (≤ 74 km).  The 74-km X2 position is a current 
compliance point in D-1641.  Very high outflows that cause X2 to move all the way 
down into San Pablo Bay do not improve habitat conditions for delta smelt 
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(Herbold et al. 1992; Feyrer et al. in revision), but they do for other estuarine 
organisms (Jassby et al. 1995; Kimmerer 2002; Kimmerer et al. 2009). 
 
Second, we have included the number of X2 days ≤ 74 km for entire water years.  
We did this to correct for the increasing disconnect between winter-spring flow 
conditions and flow conditions the following fall that have recently been considered 
detrimental to delta smelt (Feyrer et al. 2007; in revision). 
 
Lastly, estuaries are dynamic and variable aquatic habitats and variability in habitat 
conditions has been considered an important aspect of the San Francisco Estuary 
ecosystem (Lund et al. 2008).  Most of the variability in winter-spring X2 is driven 
by year to year differences in precipitation.  Therefore, we divided the X2 days per 
water year, by the Central Valley unimpaired runoff estimates for the same water 
year.  This corrected the number of X2 days for how wet or dry it was.  This step 
“removes” the part of the variation in X2 days that is due to variation in 
precipitation.  The pattern of variability in the long-term mean then reflects how the 
interaction of flow over a landscape indexed by X2 positions over Suisun and San 
Pablo bays has changed over time due mainly to our society’s demand for fresh 
water and perhaps to a lesser extent, sea level rise. 
 
The Sediment Component: The amount of sediment that is transported into the 
estuary from its watershed is affected by river flow (Wright and Schoellhamer 
2005).  However, due mainly to dams that trap sediment and levees that 
disconnect river channels from their floodplains, the concentration of sediment 
entering the Delta has declined over the past 50 years (Wright and Schoellhamer 
2004).  The transparency of Delta water as indicated by long-term records of 
Secchi disk depth has likewise increased (Jassby et al. 2002).  This long-term 
increase in water transparency has been associated with seasonal changes in the 
distribution and abundance of delta smelt and other fishes (Feyrer et al. 2007; 
Nobriga et al. 2008; Kimmerer et al. 2009; Thompson et al. in press; Mac Nally et 
al. in press).  It might also be a fundamental cause of submerged vegetation 
proliferation in the Delta, which further increases water clarity, helping to drive 
changes in fish assemblages toward dominance by non-native warmwater species 
(Nobriga et al. 2005). 
 
We used long-term data on the concentration of sediment in the Sacramento River 
at Freeport (Wright and Schoellhamer 2004; Table 1) to index this change in 
estuarine water quality.  Note that by using sediment concentration instead of 
sediment load, the river flow effect is factored out so that changes in the outflow 
component are not double-counted. 
 
The Food Component: Fishes using the San Francisco Estuary’s low-salinity zone 
(LSZ) eat a variety of prey and in general bigger fishes eat bigger prey than 
smaller fishes.  That said, mysid shrimp (particularly Neomysis mercedis) 
historically were an important prey for most small fish species and young 
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individuals of larger species like striped bass (Turner and Kelley 1966; Feyrer et al. 
2003). 
 
Mysid shrimp abundance declined precipitously following the overbite clam 
invasion of San Francisco Estuary (Kimmerer and Orsi 1996; Kimmerer 2002).  
This decline was attributed to competition with the clam for phytoplankton (Orsi 
and Mecum 1996).  Neomysis mercedis has been largely replaced by a smaller 
introduced species Acanthomysis bowmani in the LSZ, but even with multiple 
species considered, mysid shrimp abundance is a small fraction of what it 
sometimes was historically.  This depressed mysid productivity occurs regardless 
of how wet or dry the watershed is (Kimmerer 2002). 
 
All LSZ fishes eat fewer mysids than they did historically; although juvenile striped 
bass continue to use them more than most other fishes (Feyrer et al. 2003). Delta 
smelt, like most LSZ fishes eat fewer mysids than they used to (Moyle et al. 1992; 
Lott 1998).  The LSZ fish assemblage has found other prey to eat, but as 
explained by Nobriga and Feyrer (2008), the ability of a fish to change its diet does 
not ensure that it acquires enough food.  The few bioenergetics modeling 
simulations done for fishes in and near the Delta have shown they can be food-
limited (Sommer et al. 2001; Nobriga in press).  There have been no formal 
bioenergetic comparisons of fish feeding success before and after the mysid 
shrimp decline.  However, Kimmerer (2002) showed that some fishes like longfin 
smelt and starry flounder showed lower relative abundance per unit X2 after the 
invasion of overbite clam.  Similarly, the size of delta smelt collected in the FMWT 
has been chronically lower since 1990 than it was prior, which is circumstantial 
evidence for food limitation (Bennett 2005). 
 
The DFG has collected data on the density of mysid shrimp since 1972 under the 
auspices of the Interagency Ecological Program.  We were provided the mean 
March-November mysid shrimp (all species combined) data for 1972-2006.  Note 
this averaging period does not perfectly match the timing of a water year as used 
for the variables mentioned above.  However, year to year variation in mysid 
abundance is driven by the summer months, which is when densities historically 
peaked, so we do not think this causes a significant bias.  These are the same 
mysid shrimp data used to develop the X2 relationship originally reported by 
Jassby et al. (1995).  We recreated their historical relationship to predict mysid 
shrimp densities for 1957-1971 as a function of mean X2 location. 
 
We standardized the time series of all component data used in the estuarine 
habitat indicator by converting them to z-scores that normalize the data to a mean 
of zero and standard deviation of 1.  This standardization serves two purposes.  It 
enables a quickly digestible visual depiction of a long-term trend relative to a zero 
line and it allows each of the components to be added together with equal weight 
and equal variance. 
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Results and Discussion 
 
The time series of the flow component of the habitat indicator shows a general 
step-decline beginning in 1977 (gray line; Figure 3).  This means that X2 has spent 
fewer days downstream of the Sacramento-San Joaquin river confluence per water 
year, regardless of water year type since 1977 than it did prior to 1977.  The lowest 
values of the index occur during the 1977 and 1987-1992 droughts.  It appears that 
this generalization even includes the very wettest years in the time series.  
However, the very wettest years should be interpreted with some caution because 
the numerator of the index has a maximum value of 365 (or 366 in a leap year), 
but the denominator is unconstrained.  It can go as high as nature takes it.  Thus, 
there is a tendency for very wet years, which are generally “good” for the estuary 
to appear to be about average. 
 
The multifactor habitat index shows a stronger decline with multiple step-changes 
(Figure 3).  This version also shows the steep drop in habitat suitability during 
1977.  However, unlike the flow-only version, it indicates partial recovery of habitat 
suitability through 1986.  Thereafter, the index drops sharply again due to the 
interaction of drought and the drop in mysid density caused by the overbite clam.  
Since 1986, water year 1996 is the only one that has registered a value higher 
than the long-term average. 
 
Our current science-based conceptual model is that placement of X2 in Suisun Bay 
represents the best interaction of water quality and landscape for fisheries 
production given the current estuary geometry.  This is consistent with D-1641, 
which calls for X2 to be maintained at one of two compliance points in Suisun Bay 
(65 km or 74 km) from February-June.  However, it is expected that major changes 
to the estuary landscape will occur over the next several decades (Lund et al. 
2007; 2008).  Sea level rise and human water demand will likely lessen the ability 
of resource managers to keep X2 as far downstream as frequently as we do under 
current regulations.  And as we have shown above, the current placement is 
already less frequently in Suisun Bay (or downstream) than it was prior to 1977.  
Some of this change is due to reductions in fall outflows (Feyrer et al. in revision).  
Further, as we have also noted above, other components of estuarine habitat are 
changing independent of X2 variation that are also likely lowering estuarine habitat 
suitability.  For some of the estuary’s animals (longfin smelt, starry flounder, striped 
bass) this has meant lower productivity per unit of outflow or X2 (Kimmerer 2002; 
Sommer et al. 2007; Kimmerer et al. 2009).  These findings demonstrate that X2 
(or Delta outflow) is necessary, but not sufficient to sustain and recover the 
estuary’s low-salinity zone ecosystem. 
 
However, that should not be taken to mean that outflow is unimportant.  The 
estuary’s fauna of management interest may be able to be recovered in the future 
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with less total outflow.  However, we think that will only be possible if the low-
salinity zone overlies a suitably large, unchannelized landscape east of Suisun Bay 
(that does not presently exist). This also assumes that water quality is sufficient to 
support aquatic life-related beneficial uses. 
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Figure 1.  Map of the San Francisco Estuary.  Suisun Bay and the western portion 
of the Delta are shown with lines positioned at nominal distances (in kilometers) 
from the Golden Gate along the axis of the estuary.  Map taken from Jassby et al. 
1995. 
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Figure 2. Time series of the difference in average X2 between February-June and 
its subsequent average in September-November.
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Figure 3. Time series of the flow portion of the ERP estuarine habitat suitability index (gray line; water years 1957-
2007) and the flow + sediment + food portion of the index (black line; water years 1957-2006).  The ten wettest years 
are shown on the gray line with pink boxes. 
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Table 1. Data used to develop the estuarine habitat performance indicator for the DRERIP. 
Excel workbook containing graphs and data provided in electronic format. 
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flow index time series

		1957

		1958

		1959

		1960

		1961

		1962

		1963

		1964

		1965

		1966

		1967

		1968

		1969

		1970

		1971

		1972

		1973

		1974

		1975

		1976

		1977

		1978

		1979

		1980

		1981

		1982

		1983

		1984

		1985

		1986

		1987

		1988

		1989

		1990

		1991

		1992

		1993

		1994

		1995

		1996

		1997

		1998

		1999

		2000

		2001

		2002

		2003

		2004

		2005

		2006

		2007



Year

Normalized X2 days/runoff index

1.8551546149

0.2286306849

1.7105266332

0.1631606339

0.9365953013

0.0602780632

0.5259642742

1.8770831682

-0.0673766082

1.8157470817

0.4297709043

1.3639307128

-0.0422090179

0.2441614661

1.4915558648

1.0064119528

0.2727980317

0.0908944115

1.5312303205

1.0327365841

-2.1819537385

-0.7809227179

0.0792594896

-0.1167466512

-0.479673129

-0.1728005992

-0.1953103773

0.2014293289

0.5605182688

-1.0374144121

-0.8680524863

-1.6676524125

-1.5266252806

-2.1819537385

-1.7631108119

-1.1049475139

-0.3725600277

-0.9073572247

-0.5666127331

0.1698517573

-0.810841113

-0.1320259242

0.8128777383

-0.4589356689

-0.3495372723

0.5998224152

0.0833806363

0.2452376078

-0.0537999771

-0.6242967009

-0.9262918093



flow index components

		19.18

		38.07

		15.03

		16.02

		14.07

		20.72

		29.23

		14.06

		33.77

		16.93

		34.04

		16.58

		39.27

		29.67

		27.48

		17

		26.52

		39.62

		25.41

		10.17

		6.17

		33.57

		18.39

		31.8

		14.32

		44.82

		52.69

		29.48

		14.64

		35.33

		11.35

		11.71

		18.38

		11.72

		11.64

		11.45

		30.59

		10.35

		46.87

		29.51

		34.93

		41.83

		27.1

		24.8

		12.99

		18.66

		24.18

		19.85

		27.76

		42.53

		12.79



Unimpaired runoff (MAF)

X2 days <= 75 km

270

320

204

131

153

162

276

199

249

236

310

205

293

251

352

189

227

314

329

114

0

164

145

229

85

314

365

245

140

141

52

21

42

0

17

43

193

46

264

242

167

299

283

149

83

181

191

168

206

231

56



mysid time series
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Year

Normalized mysid shrimp density avg #/m3 -Mar-Nov

0.6395359089

1.5038367996

0.0436235913

0.1338873384

-0.0011637097

0.684609522

1.0195142032

0.1779748432

0.9623245481

0.2271484006

1.4394897015

0.1971150028

1.5134176736

0.679119236

1.0299948297

0.8397248503

1.2074823637

1.2530207322

1.0269766758

0.95230898

-1.3682807049

0.3044859796

0.0935903821

0.8214097842

0.3817726433

1.1892353622

-0.3674336158

0.8696386843

0.8523210389

1.27691868

-0.2514165257

-0.282079764

-1.1270514365

-1.4300167904

-1.2740170378

-2.3080616812

-0.7744594822

-0.9659478826

-1.8451183808

-1.5347643378

-0.773219695

-0.5985243695

-0.6167825658

-0.1590701621

-0.9301758063

-0.6129242863

-1.0840992916

-0.9115888979

-0.7413320693

-1.3629492619



Sediment data

		

		Data from USGS gage 11447650 SACRAMENTO R A FREEPORT CA

		Wright, S. A., and D. H. Schoellhamer (2004), Trends in the sediment yield of the Sacramento River, California, 1957– 2001, San Francisco Estuary Watershed Sci., 2(2), article 2.

		Water Year		Annual water flux (million cubic meters per year)		Annual sediment flux (million metric tons per year)		Annual "concentration" (milligrams per liter)

		1957		16,268		1.53		94

		1958		31,920		4.52		141

		1959		14,768		1.70		115

		1960		13,232		1.60		121

		1961		14,054		1.76		125

		1962		16,009		1.82		114

		1963		25,018		3.58		143

		1964		14,304		0.97		68

		1965		24,581		5.16		210

		1966		16,509		1.77		107

		1967		29,804		3.00		101

		1968		16,465		1.45		88

		1969		28,625		3.13		109

		1970		24,902		2.53		102

		1971		28,206		2.92		103

		1972		15,402		0.76		49

		1973		25,465		2.36		93

		1974		37,804		3.47		92

		1975		24,509		2.58		105

		1976		13,554		0.61		45

		1977		6,793		0.20		30

		1978		21,750		3.47		160

		1979		16,027		1.11		69

		1980		23,732		2.78		117

		1981		14,170		1.19		84

		1982		37,054		3.47		94

		1983		41,876		3.14		75

		1984		27,697		1.77		64

		1985		15,054		0.70		47

		1986		22,125		2.59		117

		1987		12,384		0.63		51

		1988		11,947		0.61		51

		1989		15,170		0.91		60

		1990		12,188		0.31		25

		1991		9,339		0.59		63

		1992		9,893		0.68		68

		1993		24,215		2.25		93

		1994		11,723		0.35		30

		1995		34,224		2.72		80

		1996		27,768		4.00		144

		1997		25,920		2.44		94

		1998		35,786		3.06		86

		1999		26,849		1.53		57

		2000		22,581		1.35		60

		2001		12,973		0.55		43

		2002		16,161		1.02		63

		2003		22,572		2.05		91

		2004		21,063		1.87		89

		2005		20,654		1.49		72

		2006		34,027		2.71		80

		2007		13,527		0.74		55

		2008		11,804		0.30		25





Mysid data

																																														Year		log.mysids (blue = predicted)		zMysid

		Average CPUE at core stations from March-November																																												1957		1.7056307793		0.6395359089

																		Jassby et al. removed the 1983 data because it was a clear outlier!!																												1958		2.1054757688		1.5038367996

																		from my mysid workbook						from my DAYFLOW database																						1959		1.4299483671		0.0436235913

		Year		N_ mercedis		A_ bowmani		N_ kadiakensis		A_ aspera		A_ hwanhaiensis		A_ macropsis		D_ holmquistae		Total Mysid CPUE				log.CPUE		AvgMarNovX2 = Jassby 1995 variable						SUMMARY OUTPUT: 1972-1987 not signficant!																1960		1.4717064023		0.1338873384

		1972		62.841		0.000		0.000		0.000		0.000		0.000		0.000		62.841		0.63		1.7982426764		77.9243222222																						1961		1.4092287565		-0.0011637097

		1973		92.977		0.000		0.000		0.000		0.000		0.000		0.000		92.977		0.93		1.9683755557		72.0062333333						Regression Statistics																1962		1.7264828443		0.684609522

		1974		97.598		0.000		0.000		0.000		0.000		0.000		0.000		97.598		0.98		1.989442627		64.9747444444						Multiple R		0.4403688397														1963		1.8814172661		1.0195142032

		1975		76.713		0.000		0.000		0.000		0.000		0.000		0.000		76.713		0.77		1.8848695734		65.6692555556						R Square		0.1939247149														1964		1.4921022715		0.1779748432

		1976		70.848		0.000		0.000		0.000		0.000		0.000		0.000		70.848		0.71		1.8503266215		85.7391777778						Adjusted R Square		0.1363479089														1965		1.8549600481		0.9623245481

		1977		5.981		0.000		0.000		0.000		0.000		0.000		0.000		5.981		0.06		0.7767697523		92.9064						Standard Error		0.3151458724														1966		1.5148510627		0.2271484006

		1978		35.533		0.000		0.000		0.000		0.000		0.000		0.000		35.533		0.36		1.5506291624		71.2748						Observations		16														1967		2.0757073571		1.4394897015

		1979		28.383		0.000		0.000		0.000		0.000		0.000		0.000		28.383		0.28		1.4530641259		77.0472444444																						1968		1.5009569389		0.1971150028

		1980		61.627		0.000		0.000		0.000		0.000		0.000		0.000		61.627		0.62		1.7897697158		70.8927777778						ANOVA																1969		2.1099080961		1.5134176736

		1981		38.582		0.000		0.000		0.000		0.000		0.000		0.000		38.582		0.39		1.5863837076		81.6821444444								df		SS		MS		F		Significance F						1970		1.7239429148		0.679119236

		1982		91.187		0.000		0.000		0.000		0.000		0.000		0.000		91.187		0.91		1.9599340833		63.4717666667						Regression		1		0.3345097945		0.3345097945		3.3681047657		0.0878016297						1971		1.8862658391		1.0299948297

		1983		17.369		0.000		0.000		0.000		0.000		0.000		0.000		17.369		0.17		1.2397840777		57.8056333333						Residual		14		1.3904368922		0.0993169209										1972		1.7982426764		0.8397248503

		1984		64.876		0.000		0.000		0.000		0.000		0.000		0.000		64.876		0.65		1.8120814873		72.0414222222						Total		15		1.7249466868												1973		1.9683755557		1.2074823637

		1985		63.690		0.000		0.000		0.000		0.000		0.000		0.000		63.690		0.64		1.8040699559		82.8195888889																						1974		1.989442627		1.2530207322

		1986		100.115		0.000		0.000		0.000		0.000		0.000		0.000		100.115		1.00		2.0004983539		71.2959555556								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		1975		1.8848695734		1.0269766758

		1987		19.654		0.000		0.000		0.000		0.000		0.000		0.000		19.654		0.20		1.2934561874		84.8339333333						Intercept		2.8560723021		0.649786797		4.3953990987		0.0006101941		1.4624169902		4.2497276139		1.4624169902		1976		1.8503266215		0.95230898

		1988		19.023		0.000		0.000		0.000		0.000		0.000		0.000		19.023		0.19		1.2792706852		88.1925333333						X Variable 1		-0.0158836725		0.0086548217		-1.8352397025		0.0878016297		-0.0344464355		0.0026790905		-0.0344464355		1977		0.7767697523		-1.3682807049

		1989		7.733		0.000		0.000		0.000		0.000		0.000		0.000		7.733		0.08		0.8883678258		80.5384																						1978		1.5506291624		0.3044859796

		1990		5.600		0.000		0.000		0.000		0.000		0.000		0.000		5.600		0.06		0.7482092537		88.0170666667																						1979		1.4530641259		0.0935903821

		1991		6.613		0.000		0.000		0.000		0.000		0.000		0.000		6.613		0.07		0.8203782403		87.1605111111																						1980		1.7897697158		0.8214097842

		1992		2.197		0.000		0.000		0.001		0.000		0.000		0.000		2.198		0.02		0.3420059812		86.0381333333						PROBABILITY OUTPUT																1981		1.5863837076		0.3817726433

		1993		10.587		0.671		0.000		0.000		0.000		0.000		0.000		11.259		0.11		1.0514847771		71.3958444444																						1982		1.9599340833		1.1892353622

		1994		0.382		8.800		0.000		0.000		0.000		0.000		0.000		9.181		0.09		0.9628979455		83.4984888889						Percentile		Y														1983		1.2397840777		-0.3674336158

		1995		0.259		3.339		0.000		0.001		0.000		0.000		0.000		3.599		0.04		0.5561739418		62.1900222222						3.125		0.7767697523														1984		1.8120814873		0.8696386843

		1996		0.650		4.340		0.017		0.000		0.000		0.001		0.000		5.009		0.05		0.6997506874		70.0835444444						9.375		1.2397840777														1985		1.8040699559		0.8523210389

		1997		0.164		11.078		0.029		0.000		0.002		0.000		0.000		11.273		0.11		1.0520583304		75.9844555556						15.625		1.2934561874														1986		2.0004983539		1.27691868

		1998		0.153		13.277		0.058		0.087		0.000		0.005		0.000		13.579		0.14		1.1328763087		60.1882						21.875		1.4530641259														1987		1.2934561874		-0.2514165257

		1999		0.186		13.091		0.030		0.006		0.002		0.002		0.000		13.318		0.13		1.1244296573		74.3184242533						28.125		1.5506291624														1988		1.2792706852		-0.282079764

		2000		0.284		21.305		0.090		0.006		0.000		0.002		0.000		21.686		0.22		1.3361776877		73.8640716846						34.375		1.5863837076														1989		0.8883678258		-1.1270514365

		2001		0.135		9.165		0.217		0.017		0.000		0.005		0.000		9.538		0.10		0.9794469108		80.7380740741						40.625		1.7897697158														1990		0.7482092537		-1.4300167904

		2002		0.033		13.156		0.167		0.014		0.000		0.003		0.000		13.373		0.13		1.126214584		80.1445543608						46.875		1.7982426764														1991		0.8203782403		-1.2740170378

		2003		0.021		7.865		0.192		0.002		0.000		0.016		0.000		8.095		0.08		0.908238452		76.1105663082						53.125		1.8040699559														1992		0.3420059812		-2.3080616812

		2004		0.059		9.530		0.120		0.018		0.000		0.001		0.000		9.728		0.10		0.9880456318		74.3803241167						59.375		1.8120814873														1993		1.0514847771		-0.7744594822

		2005		0.072		11.466		0.119		0.003		0.000		0.003		0.000		11.663		0.12		1.0668102617								65.625		1.8503266215														1994		0.9628979455		-0.9659478826

		2006		0.146		5.562		0.307		0.000		0.000		0.001		0.000		6.015		0.06		0.7792361975								71.875		1.8848695734														1995		0.5561739418		-1.8451183808

																														78.125		1.9599340833														1996		0.6997506874		-1.5347643378

																														84.375		1.9683755557														1997		1.0520583304		-0.773219695

				Alan Jassby version of data																										90.625		1.989442627														1998		1.1328763087		-0.5985243695

				log.CPUE		AvgMarNovX2 = Jassby 1995 variable																								96.875		2.0004983539														1999		1.1244296573		-0.6167825658

				1.7982426764		77.9243222222																																								2000		1.3361776877		-0.1590701621

				1.9683755557		72.0062333333																																								2001		0.9794469108		-0.9301758063

				1.989442627		64.9747444444						SUMMARY OUTPUT: Jassby 1972-1990 sans 1983																																		2002		1.126214584		-0.6129242863

				1.8848695734		65.6692555556																																								2003		0.908238452		-1.0840992916

				1.8503266215		85.7391777778						Regression Statistics																																		2004		0.9880456318		-0.9115888979

				0.7767697523		92.9064						Multiple R		0.7356885435																																2005		1.0668102617		-0.7413320693

				1.5506291624		71.2748						R Square		0.541237633																																2006		0.7792361975		-1.3629492619

				1.4530641259		77.0472444444						Adjusted R Square		0.5125649851

				1.7897697158		70.8927777778						Standard Error		0.2935979553																																		1.4097671147

				1.5863837076		81.6821444444						Observations		18																																		0.462622443

				1.9599340833		63.4717666667

				1.8120814873		72.0414222222						ANOVA

				1.8040699559		82.8195888889								df		SS		MS		F		Significance F

				2.0004983539		71.2959555556						Regression		1		1.6271449306		1.6271449306		18.8764439968		0.0005017148

				1.2934561874		84.8339333333						Residual		16		1.3791961502		0.0861997594

				1.2792706852		88.1925333333						Total		17		3.0063410807

				0.8883678258		80.5384

				0.7482092537		88.0170666667								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

												Intercept		4.3005668707		0.6300717401		6.8255193761		0.0000040765		2.9648747514		5.6362589899		2.9648747514		5.6362589899

												X Variable 1		-0.0352012254		0.0081021017		-4.3447029814		0.0005017148		-0.0523769098		-0.018025541		-0.0523769098		-0.018025541

																				Post-processing to get mysid estimates for the PM back to 1957																Output of Access query: MysidHincastX2Step2

												PROBABILITY OUTPUT										Mar-Nov X2		log mysid estimate (from regression eqn immediately above)		antilog		proportional version for PM								YEAR		Avg Of X2

																				1957		73.717209041		1.7056307793		50.7727608222		0.5077276082								1957		73.717209041

												Percentile		Y						1958		62.3583718132		2.1054757688		127.4898965789		1.2748989658								1958		62.3583718132

												2.7777777778		0.7482092537						1959		81.5488231125		1.4299483671		26.9121482855		0.2691214829								1959		81.5488231125

												8.3333333333		0.7767697523						1960		80.3625565906		1.4717064023		29.6282774098		0.2962827741								1960		80.3625565906

												13.8888888889		0.8883678258						1961		82.1374279223		1.4092287565		25.6583518634		0.2565835186								1961		82.1374279223

												19.4444444444		1.2792706852						1962		73.1248414518		1.7264828443		53.2700180932		0.5327001809								1962		73.1248414518

												25		1.2934561874						1963		68.7234486027		1.8814172661		76.1057142327		0.7610571423								1963		68.7234486027

												30.5555555556		1.4530641259						1964		79.7831486603		1.4921022715		31.05290763		0.3105290763								1964		79.7831486603

												36.1111111111		1.5506291624						1965		69.4750479479		1.8549600481		71.6077533303		0.7160775333								1965		69.4750479479

												41.6666666667		1.5863837076						1966		79.1368986787		1.5148510627		32.7228455661		0.3272284557								1966		79.1368986787

												47.2222222222		1.7897697158						1967		63.2040358887		2.0757073571		119.0439577589		1.1904395776								1967		63.2040358887

												52.7777777778		1.7982426764						1968		79.5316043655		1.5009569389		31.6925320998		0.316925321								1968		79.5316043655

												58.3333333333		1.8040699559						1969		62.2324578069		2.1099080961		128.7976965711		1.2879769657								1969		62.2324578069

												63.8888888889		1.8120814873						1970		73.1969960284		1.7239429148		52.9593827606		0.5295938276								1970		73.1969960284

												69.4444444444		1.8503266215						1971		68.5857098456		1.8862658391		76.9601382324		0.7696013823								1971		68.5857098456

												75		1.8848695734

												80.5555555556		1.9599340833

												86.1111111111		1.9683755557

												91.6666666667		1.989442627

												97.2222222222		2.0004983539





Mysid data
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Residual (flow vs. flow+sediment+mysids)
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Water Year
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X2 data; <75kmWY

		Days 1-274				Days 275-366																		Mysid data brought in from another spreadsheet; density estimated from Jassby (1995) X2 relationship for WY 1957-1971; empirical IEP estimates thereafter

		YEAR		CountOfX2		YEAR		CountOfX2		Sum of Days				Water Year (Oct-Sep)		Valley Runoff**		Days/yrly runoff		Z Score				zMysids		Flow + mysids		Sediment conc.		zSediment		Flow + mysids + sediment

		1956		207		Lag*								1956		39.56								predicted data in blue

		1957		178		1956		92		270				1957		19.18		14.08		1.86				0.6395359089		2.49		94.1576631687		0.2014885034		2.70

		1958		240		1957		80		320				1958		38.07		8.41		0.23				1.5038367996		1.73		141.4935815915		1.5228633802		3.26						Flow effect regression analysis

		1959		113		1958		91		204				1959		15.03		13.57		1.71				0.0436235913		1.75		114.9321450698		0.781404968		2.54

		1960		131		1959		0		131				1960		16.02		8.18		0.16				0.1338873384		0.30		120.6388930484		0.9407079595		1.24						SUMMARY OUTPUT: flow index vs. multi-metric (yes it's circular)

		1961		121		1960		32		153				1961		14.07		10.87		0.94				-0.0011637097		0.94		125.4387548817		1.0746953637		2.01

		1962		142		1961		20		162				1962		20.72		7.82		0.06				0.684609522		0.74		113.7163369496		0.7474658715		1.49						Regression Statistics

		1963		198		1962		78		276				1963		29.23		9.44		0.53				1.0195142032		1.55		143.0724383293		1.566936923		3.11						Multiple R		0.766998914

		1964		108		1963		91		199				1964		14.06		14.15		1.88				0.1779748432		2.06		67.618800262		-0.5393397698		1.52						R Square		0.5882873341

		1965		199		1964		50		249				1965		33.77		7.37		-0.07				0.9623245481		0.89		209.7397842379		3.4279456226		4.32						Adjusted R Square		0.5797099869

		1966		145		1965		91		236				1966		16.93		13.94		1.82				0.2271484006		2.04		106.9731085029		0.5592296873		2.60						Standard Error		1.5051986311

		1967		268		1966		42		310				1967		34.04		9.11		0.43				1.4394897015		1.87		100.8005714689		0.3869242661		2.26						Observations		50

		1968		114		1967		91		205				1968		16.58		12.36		1.36				0.1971150028		1.56		88.0266239038		0.030341486		1.59

		1969		274		1968		19		293				1969		39.27		7.46		-0.04				1.5134176736		1.47		109.4620904466		0.6287092352		2.10						ANOVA

		1970		160		1969		91		251				1970		29.67		8.46		0.24				0.679119236		0.92		101.6413863068		0.4103954829		1.33								df		SS		MS		F		Significance F

		1971		261		1970		91		352				1971		27.48		12.81		1.49				1.0299948297		2.52		103.3661046324		0.4585407295		2.98						Regression		1		155.3903829403		155.3903829403		68.5861630508		0.0000000001

		1972		98		1971		91		189				1972		17		11.12		1.01				0.8397248503		1.85		49.3176903953		-1.0502124348		0.80						Residual		48		108.7499001162		2.2656229191

		1973		164		1972		63		227				1973		26.52		8.56		0.27				1.2074823637		1.48		92.5564903448		0.1567920104		1.64						Total		49		264.1402830565

		1974		231		1973		83		314				1974		39.62		7.93		0.09				1.2530207322		1.34		91.7052594132		0.13303003		1.48

		1975		238		1974		91		329				1975		25.41		12.95		1.53				1.0269766758		2.56		105.1214837735		0.507541868		3.07								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		1976		23		1975		91		114				1976		10.17		11.21		1.03				0.95230898		1.99		44.8049477813		-1.1761849503		0.81						Intercept		0.0035710307		0.2129044081		0.0167729299		0.9866872916		-0.4245017214		0.4316437828		-0.4245017214		0.4316437828

		1977		0		1976		0		0				1977		6.17		0.00		-2.18				-1.3682807049		-3.55		29.6709337288		-1.5986486231		-5.15						X Variable 1		1.7785315287		0.2147550152		8.281676343		0.0000000001		1.3467378838		2.2103251736		1.3467378838		2.2103251736

		1978		164		1977		0		164				1978		33.57		4.89		-0.78				0.3044859796		-0.48		159.6969493355		2.0310075889		1.55

		1979		145		1978		0		145				1979		18.39		7.88		0.08				0.0935903821		0.17		69.0256394248		-0.5000680711		-0.33

		1980		213		1979		16		229				1980		31.8		7.20		-0.12				0.8214097842		0.70		117.1010157549		0.8419486594		1.55

		1981		85		1980		0		85				1981		14.32		5.94		-0.48				0.3817726433		-0.10		83.8911093776		-0.0851007655		-0.18						RESIDUAL OUTPUT								PROBABILITY OUTPUT

		1982		274		1981		40		314				1982		44.82		7.01		-0.17				1.1892353622		1.02		93.7401852003		0.1898346701		1.21						(time series)

		1983		274		1982		91		365				1983		52.69		6.93		-0.20				-0.3674336158		-0.56		74.8658607737		-0.3370391911		-0.90						Observation		Predicted Y		Residuals				Percentile		Y

		1984		154		1983		91		245				1984		29.48		8.31		0.20				0.8696386843		1.07		63.8048695457		-0.6458050587		0.43						1		3.303022004		-0.6068429768				1		-5.3307562543

		1985		63		1984		77		140				1985		14.64		9.56		0.56				0.8523210389		1.41		46.5432288966		-1.1276611005		0.29						2		0.4101979122		2.8451329525				3		-5.1488830666

		1986		141		1985		0		141				1986		35.33		3.99		-1.04				1.27691868		0.24		117.2263492922		0.8454473258		1.08						3		3.0457965786		-0.5102413861				5		-3.9320436255

		1987		52		1986		0		52				1987		11.35		4.58		-0.87				-0.2514165257		-1.12		50.5607472071		-1.0155126953		-2.13						4		0.2937573624		0.9439985694				7		-3.6924795539

		1988		21		1987		0		21				1988		11.71		1.79		-1.67				-0.282079764		-1.95		50.8879527314		-1.0063788034		-2.96						5		1.6693353037		0.3407916516				9		-3.4605241411

		1989		42		1988		0		42				1989		18.38		2.29		-1.53				-1.1270514365		-2.65		59.9821136339		-0.7525167016		-3.41						6		0.1107774665		1.3815759901				11		-3.4061934187

		1990		0		1989		0		0				1990		11.72		0.00		-2.18				-1.4300167904		-3.61		25.3672344724		-1.7187857255		-5.33						7		0.9390150754		2.173400325				13		-2.9561109799

		1991		17		1990		0		17				1991		11.64		1.46		-1.76				-1.2740170378		-3.04		63.4628778533		-0.6553517042		-3.69						8		3.3420226275		-1.8263043859				15		-2.6180292073

		1992		43		1991		0		43				1992		11.45		3.76		-1.10				-2.3080616812		-3.41		68.3462031437		-0.5190344303		-3.93						9		-0.1162603913		4.4391539537				17		-2.5167923588

		1993		193		1992		0		193				1993		30.59		6.31		-0.37				-0.7744594822		-1.15		93.0407142013		0.1703090449		-0.98						10		3.2329344638		-0.6308092942				19		-2.1902324219

		1994		46		1993		0		46				1994		10.35		4.44		-0.91				-0.9659478826		-1.87		30.0803785522		-1.5872190339		-3.46						11		0.7679321342		1.4882527377				21		-2.1349817073

		1995		264		1994		0		264				1995		46.87		5.63		-0.57				-1.8451183808		-2.41		79.5494294139		-0.2062980934		-2.62						12		2.4293648064		-0.8379776048				23		-1.3874308919

		1996		200		1995		42		242				1996		29.51		8.20		0.17				-1.5347643378		-1.36		143.9280020714		1.5908198532		0.23						13		-0.0714990385		2.1714169293				25		-1.3719389618

		1997		144		1996		23		167				1997		34.93		4.78		-0.81				-0.773219695		-1.58		93.9836128712		0.1966299161		-1.39						14		0.4378198963		0.8958562887				27		-1.204116151

		1998		267		1997		32		299				1998		41.83		7.15		-0.13				-0.5985243695		-0.73		85.5231435841		-0.0395427818		-0.77						15		2.6563501631		0.3237412608				29		-0.976710465

		1999		198		1998		85		283				1999		27.1		10.44		0.81				-0.6167825658		0.20		56.8053083031		-0.8411967334		-0.65						16		1.7935064197		-0.9975820514				31		-0.8997831843

		2000		149		1999		0		149				2000		24.8		6.01		-0.46				-0.1590701621		-0.62		59.9313725585		-0.7539331309		-1.37						17		0.4887509311		1.1483214748				33		-0.8874826658

		2001		83		2000		0		83				2001		12.99		6.39		-0.35				-0.9301758063		-1.28		42.6235160895		-1.2370792802		-2.52						18		0.1652296074		1.3117155663				35		-0.7700930755

		2002		156		2001		25		181				2002		18.66		9.70		0.60				-0.6129242863		-0.01		63.0445192172		-0.6670301211		-0.68						19		2.7269124335		0.3388364308				37		-0.6801319923

		2003		181		2002		10		191				2003		24.18		7.90		0.08				-1.0840992916		-1.00		90.9961729114		0.1132359894		-0.89						20		1.8403256064		-1.0314649926				39		-0.645101561

		2004		154		2003		14		168				2004		19.85		8.46		0.25				-0.9115888979		-0.67		88.9945947407		0.0573622429		-0.61						21		-3.8771024875		-1.2717805791				41		-0.6089890472

		2005		206		2004		0		206				2005		27.76		7.42		-0.05				-0.7413320693		-0.80		72.2885614636		-0.4089841046		-1.20						22		-1.3853246446		2.9398954951				43		-0.3272181994

		2006		224		2005		7		231				2006		42.53		5.43		-0.62				-1.3629492619		-1.99		79.6680628569		-0.2029864591		-2.19						23		0.1445365319		-0.4717547313				45		-0.1830012512

		2007		56		2006		0		56				2007		12.79		4.38		-0.93								54.709571132		-0.899698914								24		-0.2040665693		1.7506783616				47		0.2259072727

																Average		7.61										86.9396938205										25		-0.8495427528		0.6665415016				49		0.2851782071

																Stnd. Dev.		3.49										35.8232317363										26		-0.3037602831		1.5100297163				51		0.4252629544

																																						27		-0.3437946332		-0.555988551				53		0.7959243683

																																						28		0.361819443		0.0634435115				55		0.8088606138

				Lag Oct-Dec into next year so it’s a water year (October - September)																																		29		1.0004704442		-0.7152922371				57		1.0849515936

																																						30		-1.8415032096		2.9264548032				59		1.2062694331

																																						31		-1.5402876848		-0.5946940224				61		1.2377559318

																																						32		-2.9624013638		0.0062903839				63		1.333676185

																																						33		-2.7115801635		-0.6946132553				65		1.4769451737

																																						34		-3.8771024875		-1.4536537668				67		1.4923534567

																																						35		-3.132177137		-0.560302417				69		1.5157182416

																																						36		-1.9616129604		-1.9704306651				71		1.5466117923

																																						37		-0.6590387248		-0.3176717402				73		1.5545708505

																																						38		-1.6101924012		-1.85033174				75		1.5913872016

																																						39		-1.0041675797		-1.6138616276				77		1.6370724059

																																						40		0.3056577362		-0.0797504635				79		2.0101269553

																																						41		-1.4385354536		0.0511045616				81		2.0999178908

																																						42		-0.2312412382		-0.5388518374				83		2.2561848719

																																						43		1.4492997172		-2.0944012782				85		2.5355551925

																																						44		-0.812660526		-0.5592784358				87		2.6021251696

																																						45		-0.6180920285		-1.8987003303				89		2.6961790271

																																						46		1.0703741077		-1.7505061				91		2.9800914239

																																						47		0.1518661213		-1.0393487871				93		3.0657488643

																																						48		0.4397338482		-1.0487228954				95		3.1124154004

																																						49		-0.0921139247		-1.1120022263				97		3.2553308647

																																						50		-1.1067603352		-1.0834720867				99		4.3228935624





X2 data; <75kmWY
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