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of the range and temporal and geographic distribution of delta smelt 

(

improved depiction of the spatial and temporal extent of the delta smelt 

throughout its range and lends itself to future analysis of delta smelt 

population assessment and restoration planning.

 spatial 
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justify threatened listing in 1993 under both the federal and California Endangered Species 

have attributes that can be portrayed spatially.  Distributional data in the forms of species 



CALIFORNIA FISH AND GAME Vol. 97, No. 4

that comprise the Interagency Ecological Program (IEP) provide data on the distribution of 

delta smelt at various life stages.  Using data from these surveys and a variety of publicly 

of delta smelt from a spatial perspective in an effort to document (1) the observed geographic 

METHODS

Study area
2

2

IEP monitoring programs.—

monitoring programs).  Each IEP monitoring program is conducted during a different season 
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FIGURE 1.
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TABLE 1.—San Francisco Estuary sampling regions and associated stations by sample method.  IEP monitoring 

TABLE 2.—Interagency Ecological Program monitoring programs that sample delta smelt: years and months 
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abundance indices (Bennett 2005).

Regional monitoring programs.—

monitoring programs throughout the remainder of this paper.  

TABLE 3
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Observed geographic extent

type of survey gear is not available and each monitoring program is conducted at different 

absent at a given location.

We developed a boundary for the observed geographic extent of delta smelt by 

We also examined the geographic distribution of sampling stations and sampling effort 

sampled by each of the IEP monitoring programs and all the regional monitoring programs 

sampled by each monitoring program.

Distribution by life stage.—

TABLE 4.
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We used data from the IEP monitoring programs to elicit information on the temporal and 

We calculated the average annual frequency of delta smelt observation at consistently 

surveyed stations for each life stage in each region for all years as

    P
lrpy

=  (S
lrpy

N
rpy

) (100)    (1)

  P
lrpy

of life stage l r during time period p and year y S
lrpy

 is the number of 

sampling events in region r l

p and year y N
rpy

 is the total number of sampling events in region r during time period

p and year y

We calculated the yearly observed density (Density; i.e. relative measure of abundance) 

of delta smelt for each life stage and region for all years by dividing the summed catches 

C of delta smelt for each life stage l r p y by the volume of 

V
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3

   Density
lry

 = ( C
lry
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annual observed density for that life stage and multiplied by 100.

provided a model of delta smelt life history that included the approximate months during 

RESULTS

Observed geographic extent



Fall 2011

Distribution by life stage

FIGURE 2.
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FIGURE 3.

not consistently surveyed.
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FIGURE 4.

not consistently surveyed.
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FIGURE 5

stations not consistently surveyed.
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TABLE 5

TABLE 6
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FIGURE 6.
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FIGURE 7.

average annual density observed for that life stage multiplied by 100) of delta smelt by life stage and region 

highest observed density.
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DISCUSSION

Observed geographic extent.—Extent of habitat is a critical piece of information for 

by the earlier study.     

and Sacramento and Calaveras rivers indicate that the extent of delta smelt distribution in 

survey data suggest the full distributional range of delta smelt in the Cache Slough drainage 

locations beyond those covered by current IEP monitoring could yield further insights into 

Distribution by life stage.—While numerous factors affect the distribution of delta 

of observation and observed density of mature adults and early life stages are indicators of 
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observed densities. 

patterns observed by Sommer et al. (2011).

region that yielded high catches of delta smelt relative to other regions across multiple life 

Cache Slough that help create critical habitat for delta smelt.

exhibiting higher densities in areas that are most similar to historic habitat — deep channels 
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empirical data is that those data frequently pertain to a particular life stage or time period 

programs implemented by the IEP and other agencies since 1995.  

the success of experimental approaches to achieving habitat objectives for desirable species 

Francisco Estuary provides managers and scientists an improved depiction of the spatial and 

population assessment and restoration planning.
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