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Public Comments Processing
Attn: FWS–R8–ES–2010–0013
Division of Policy and Directives Management 
U.S. Fish and Wildlife Service 
4401 N. Fairfax Drive, Suite 222 
Arlington, VA 22203

RE: STATUS REVIEW FOR SACRAMENTO SPLITTAIL

This letter is submitted as the comments of The Bay Institute and the Natural Resources 
Defense Council on the status review for the Sacramento splittail (Pogonichthys 
macrolepidotus) by the U.S. Fish and Wildlife Service (Service) in the Federal Register 
(75 FR 20547).  

In these comments, we review the relevant scientific literature, review and analyze
hydrological data and ongoing and planned water management operations that affect the 
species and its habitat, and present new statistical analyses of splittail population trends.  
Based on these analyses, we conclude that: a) the species is declining in abundance; b)
the species’ geographic range and habitat have been adversely modified and/or curtailed;
c) the species’ resilience has been reduced; d) existing regulatory mechanisms are 
inadequate to protect the species and it habitat; e) the species is at risk of becoming 
endangered; and f) without active management and protection of key habitats mandated 
by listing of the species under the ESA, conditions for splittail are likely to get worse.  

We remain concerned with the continuing delay in listing a species that has experienced 
severe declines over the past thirty years, is extremely limited in access to breeding 
habitat, is exposed to adverse conditions in low flow channels during drier years, and is 
more vulnerable to contaminant effects than previously understood.  Just as past existing 
or anticipated regulatory mechanisms and environmental management activities were 
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inadequate to protect the species, current and proposed mechanisms to protect and 
conserve the species are inadequate to offset the impact of these factors.  Based on our 
analysis of life history and existing conditions, we believe that the splittail is likely to 
become an endangered species throughout its range within the foreseeable future.  We 
strongly urge the Service to complete the status review for the splittail and then act to 
protect species and to promote its recovery by confirming its listing as a threatened
species.

ESA designation of the splittail offers the Service an unprecedented opportunity to 
practice ecosystem-based restoration and management as a strategy to protect a species 
that may be indicative of the health of California’s largest watershed and estuary.  
Successful conservation of the splittail in the San Francisco Bay-Delta Estuary could 
make the species an icon for restoration of a functioning ecosystem.

BACKGROUND

The Sacramento splittail (Pogonichthys macrolepidotus) is a special species, a Central 
California endemic and the last extant member of its genus.  Its only close relative, the 
once abundant Clear Lake splittail (P. ciscoides), became extinct in the 1970s for 
unknown reasons.  The species is adapted to use highly variable estuarine and lowland 
freshwater habitats, seasonally migrating between brackish and freshwater environments 
for reproduction and rearing.  It is the only native California fish adapted specifically for 
spawning on seasonally inundated floodplains and, as a consequence, seems to be 
dependent on this habitat feature.  Successful spawning (as indicated by production of 
large numbers of young-of-the-year, YOY, or Age 0 fish) is highly correlated with 
freshwater outflow during the spawning season and the area, timing, and duration of 
floodplain inundation (Moyle et al., 2001; Sommer et al., 1997, 2002).  In low outflow 
years, when large floodplains like the Yolo Bypass are not inundated, appearance of 
small numbers of YOY indicates that some splittail may be spawning along river edge 
habitats that are flooded during minor flow pulses.  Splittail are long-lived (mature at 2 
years, may live up to 8 years), iteroparous (capable of spawning each year after 
maturation), and highly fecund.  These physiological characteristics are adaptations to the 
episodic and occasionally prolonged dry periods typical of the Central Valley watershed. 

In 1994, the Service proposed listing the splittail as threatened under the ESA based on 
constriction of the species’ range (compared to historical records) and significant declines 
in population abundance measured during the period 1980–1992 (results later published 
in Meng and Moyle, 1995).  The Service interpreted the abundance and distributional 
declines to have resulted from several factors, including loss of habitat, disease and 
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predation impacts, inadequacy of existing regulatory mechanisms, and several other 
natural and anthropogenic adverse conditions.  Combined, the potential and ongoing 
impacts of these factors on the depressed splittail population in its curtailed range were 
deemed to put the species at risk of becoming endangered throughout some or all of its 
range in the foreseeable future, justifying the threatened designation proposed.  

By 1999, when the Service finally listed splittail as threatened, the five-year drought
(1987–1992) was over and the species had enjoyed at least two years of highly successful 
reproduction (1995 and 1998).  The threatened designation was challenged and, despite
additional analyses by Service scientists demonstrating continued population declines and 
the inadequacy of the existing regulatory and environmental management activities to 
protect the species or its habitat, the listing was withdrawn in 2003. The current status 
review for the species is part of legal settlement for litigation that challenged the removal 
of species for the ESA list, alleging it was the result of improper political influence.

HISTORICAL AND CURRENT POPULATION LEVEL AND TRENDS

The Service has correctly recognized the difficulties of evaluating trends in splittail 
population abundance based on the data collected in the various field surveys, few of 
which were designed to sample splittail and all of which are biased by collection of 
extremely large numbers of young-of-the-year (YOY, Age 0 fish) fish in some wet years.  
Two earlier Final Rules on the species (66 FR 43145 and 67 FR 13095) provided 
alternative approaches for using and analyzing splittail abundance data collected in these 
surveys to evaluate population trends.  The temporal pattern recognition using 
polynomial regression of nine-year running averages of survey results, presented in the 
August 17, 2001 Final Rule, captured the cyclic pattern of splittail population abundance 
and strongly suggested that, overall, splittail population was declining.  However, the 
relatively short data record available for analysis and the associated lack of statistical 
power rendered this analytical approach less compelling to some reviewers.  The second
analysis, using of a multiple linear regression model jointly developed by California 
Department of Fish and Game (CDFG) and U. S. Bureau of Reclamation (Reclamation) 
and partitioning the survey data by fish size to separately evaluate trends in different age 
classes of the long-lived splittail, was a substantial improvement.  It was a rigorous but 
conservative approach and the Service’s interpretation of the results, presented in the 
March 21, 2002 Final Rule, was similarly robust: independent of the stochastic variations 
in hydrology that largely control splittail reproduction, the splittail population was 
declining. 
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In these comments, we present results of a new analysis of splittail population trends 
using updated data from five sampling programs that collect splittail in the estuary.  

Methods: Many long-term sampling programs operate in the Sacramento-San Joaquin 
Delta, Suisun Marsh, and San Francisco Bay and each of these can contribute important 
information about Sacramento splittail population trends and conservation status.  
Cumulatively, these programs sample the entire historic range of the species.  However, 
each of these sampling programs uses different methods, including gear, sample timing, 
duration, and intensity; thus, they each produce a slightly different image of splittail 
population dynamics.  Because there is only one Sacramento splittail population in the 
Estuary (and globally), it is preferable to combine the information contained in the 
different long-term datasets into a single statistical analysis of splittail population trends.

Our meta-analysis approach combines information from the different sampling programs
into a single statistical analysis of the null hypothesis and we perform a separate meta-
analysis for each of two Sacramento splittail age-classes, Age 0 and Age 1+, because the 
forces that control the dynamics of these two groups are expected to differ substantially.
This approach increases the power of the test (Borenstein et al. 2009) over the previous 
analysis, which focused on individual analyses of separate sampling programs.  We use 
the meta-analysis technique of the Stouffer combined test1 on studies consisting of 
multiple linear regressions of population size over time of several different datasets, 
where hydrology is a covariate.  Meta-analysis methods for combined tests differ only 
slightly in their efficacy (Wolfe 1986); the Stouffer test was chosen because calculations 
have been developed with the Stouffer test to account for different sample sizes among 
studies.  The primary analysis of each dataset was a multiple linear regression of splittail 
caught (ln-transformed and segregated into different age classes) where hydrology 
(represented as the number of days from February-May where total Delta inflow is 
greater than 55,000cfs) is a covariate.  Linear regressions were performed on raw catch 
numbers for each sampling program.  Raw catch numbers are preferred over sampling 
program “index” values because: a) splittail do not occur in sufficient numbers in some 
sampling programs to justify the CPUE expansion by sampling area process (i.e. CPUE 
may not represent a homogenous density in a sampling area); and b) some sampling 

                                                
1 In the Stouffer combined test, p values are converted to z-scores and then summed. The denominator then 
simplifies to the square root of the number of tests combined, and the complete expression takes the form: 
Zc = ∑z/square root(N) where N is the number of tests combined. One-tailed p values are converted to 
their analog z statistics and then summed and divided by the square root of the number of tests summed. In 
order to obtained a reasonably exact one-tailed p level it may be necessary to use extended tables of the t 
distribution. 
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programs (e.g. Suisun Marsh and Chipps Island) do not have the required “area” 
weighting factors necessary to produce an index.  

The methods and data in the analysis presented here represent several other
improvements, updates, and amendments to methods used by the Service in their earlier 
analyses (66 FR 43145 and 67 FR 13095).

 Splittail exhibit virtually no stock recruitment relationship in a given year,
therefore the abundance of Age 0 fish (young-of-the-year, YOY) is not a reliable 
indicator of either adult or spawning population size.  The new meta-analysis 
corrects this problem by separately analyzing results of Age 0 and older fish (Age 
1, 1+ and 2+) from the surveys in which fish size data are available.  

 In its previous analysis of trends in splittail populations, the Service employed 
HYDROLOGY (days in February-May when total Delta inflow >55,000cfs) as a 
covariate for population size of each of three age classes (Age 0, Age 1, and Age 
2+).  This metric estimates days of floodplain inundation, which is clearly an 
important factor in production of Age 0 splittail because splittail spawn primarily 
on floodplains (Sommer et al. 2002).  However, the direct effect of floodplain 
inundation on abundance of older age classes is less certain.  We employ the 
HYDROLOGY metric lagged by one year for Age 1 splittail (to reflect 
production of Age 0 fish in the previous year) and by a 3-year running average for 
Age 2+ fish (e.g. Age 2+ fish in 1985 are related to the average HYDROLOGY in 
1981-1983, the years when Age 2+ fish would have hatched).  

 We incorporate survey data that has been collected since the previous analysis 
was published. The following datasets and survey periods are analyzed:

o Fall Midwater Trawl

 Years included: 1975, 1977-2009. Data from 1974 and 1976 were 
not included in the analysis because sampling was not conducted 
or represented only a small fraction of normal sampling effort for 
this program.  Data from 1967-1973 were excluded because length 
measurements of splittail, which allow conversion to age 
categories, was sporadic or absent.  Age classes considered: Age 0, 
Age 1 and Age 2+.

o Bay Study Midwater Trawl  
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 Years included: 1980-1988, 1990-1993, 1996-2008.  Data 
from1989, 1994 and 1995 were excluded because of incomplete 
sampling. Age classes considered: Age 0 and Age 1+.

o Bay Study Otter Trawl 

 Years included: 1980-1988, 1990-2008.  Data from1989 were 
excluded because of incomplete sampling (8 of 12 months 
sampled) but 1990-1994 (9 or 12 months sampled, commonly 
missing data during November, December, January) were
included.  Age classes considered: Age 0 and Age 1+.

o Suisun Marsh Otter Trawl 

 Years included: 1980-1983, 1985-1988, 1990-2008.  Data from 
1984 and 1989 were excluded because of lower sampling effort.  
Age classes considered: Age 0, Age 1 and Age 2+.

o Chipps Island Trawl.

 Years included: 1978-2006, 2008-2009.  Data from 1976, 1977 and 
2007 were excluded because of incomplete sampling.  Age classes 
considered: Age 0, Age 1 and Age 2+.  

 In the Service’s previous analyses of datasets from different sampling programs, 
each sampling program was given equal weight despite differences in the sample 
size (i.e. number of years sampled) among programs. In our analysis, we account 
for different sample sizes of studies (i.e., size of databases) using a system of 
weighting of studies based on the sample size (Wolfe 1986).

Results:  Results of our meta-analysis, which uses the most current and best available 
data and which correctly accounts for variations in annual hydrology, show that there has 
been a statistically significant decline in the abundance of splittail in the estuary during 
the past several decades (Table 1, below).  The decline is most significant for the older 
fish (Ages 1, 1+ and 2+) with a combined p=0.017 but, even for Age 0 fish, the p value 
(p=0.169) indicates that there is less than a 20% chance that the observed decline is 
attributable to chance.  In previous Final Rules, the Service has suggested that any p 
value less than 0.2 be considered significant for ecological data.    
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Survey/Age 
Code Survey

Fish 
Age 
Class

Year 
Coeff. N

S-W p -
value* Use?

Outliers 
removed**

p  (2-
tailed)

p (1-
tailed) z  1-tailed

z  1-tailed with 
modified 
sign***

count of 
included 
values**
**

LOG0FMT Fall Midwater Trawl 0 -0.004 33 0.009 NO  -- 0.616 0.308  --  --
LOG1FMT Fall Midwater Trawl 1 -0.005 33 0.000 NO  -- 0.508 0.254  --  --
LOG2PFMT Fall Midwater Trawl 2+ -0.018 33 0.069 Y  -- 0.010 0.005 2.576 2.576 1
LOG1BSOT Bay Study Otter Trawl 1+ -0.020 28 0.561 Y  -- 0.041 0.021 2.044 2.044 2
LOG0BSMWT Bay Study Midwater Trawl 0 0.000 26 0.026 NO  -- 0.989 0.495  --  --
LOG0SMOT Suisun Marsh Otter Trawl 0 0.008 28 0.476 y  -- 0.475 0.238 0.714 -0.714 3
LOG1SMOT Suisun Marsh Otter Trawl 1 0.003 28 0.543 y  -- 0.784 0.392 0.274 -0.274 4
LOG2PSMOT Suisun Marsh Otter Trawl 2+ 0.015 28 0.087 y  -- 0.178 0.089 1.347 -1.347 5
LOG0CHPS Chipps Island 0 -0.004 34 0.249 y  -- 0.766 0.383 -0.726 -0.726 6
LOG0BSOT Bay Study Otter Trawl 0 0.009 26  -- NO 1996, 1999 0.067 0.034  --  --
LOG1BSMWT Bay Study Midwater Trawl 1+ -0.003 24  -- Y 1999, 2003 0.650 0.325 0.454 0.454 7
LOG1CHPS Chipps Island 1 -0.002 32  -- Y 1975, 2008 0.812 0.406 0.238 0.238 8.000
LOG2PCHPS Chipps Island 2+ -0.017 33  -- Y 1975 0.058 0.029 1.896 1.896 9

Z c 1.382333333
p -value of Z c 0.083
Z c 0 Age Class 0.960666667
p -value of Z c 0.169

2.111687511
p -value of Z c 0.017

Linear regression calculations including outliers:

Survey/Age Code Survey
Fish Age 
Class

Year 
Coeff. N

S-W p -
value* Use? Outliers**

p  (2-
tailed)

p (1-
tailed) z  1-tailed

z  1-tailed with 
modified sign***

LOG0BSOT Bay Study Otter Trawl 0 0.006 28 0.000 NO 1 0.402 0.201  --  --

LOG1BSMWT Bay Study Midwater Trawl 1+ -0.005 26 0.330 Y 1 0.538 0.269 0.616 0.616

LOG1CHPS Chipps Island 1 -0.001 34 0.165 y 2 0.942 0.471 -1.572 -1.572

LOG2PCHPS Chipps Island 2+ -0.005 34 0.078 y 1 0.607 0.304 -0.272 -0.272

N.B. The following z  to p  converter was used: http://wise.cgu.edu/cltmod/pzapplet.asp

Table 1. Meta-analysis of Splittail survey data 

* Shapiro-Wilk test statistic for normality. For p < 0.05, the distribution of the underlying data is significantly different from a normal distribution, violating an assumption for use of transformation of z-
scores to p-scores. These data are removed fro
** Outliers are due to unusually high or low catches of fish for the hydrology associated with a given year. Removal of the outliers and recalculation would likely increase the significance of the year 
coefficient. Calculations including outliers are prov

*** Sign modification of the z-score depends on the direction of the year coefficient; z-scores of data with positive YEAR Coefficients were multplied by -1.

**** excludes analyses of datasets with outliers, and data that were significantly different from a normal distribution according to S-W p-value

Z c 1, 1+, 2+ Age Class

There has also been considerable discussion of the resilience of the splittail, based 
primarily on its fecundity and high production of Age 0 fish in wet years (Sommer et al. 
1997). However, Age 0 abundances are not particularly informative about splittail 
population and conservation status and, if production of young does not lead to higher 
adult numbers, this "resilience" is deceptive. This is because: a) splittail are highly 
fecund, and even a small number of adults can produce a very large number of Age 0 
young-of-the-year, depending on environmental conditions; and b) Age 0 fish have 
extremely high mortality even under good conditions.  The persistent, long-term decline 
in older age classes of splittail (even after accounting for the hydrology in the years they 
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were hatched) demonstrates that the species ability to persist through extended conditions 
with poor habitat quality or to resist long-term destruction of its habitat is severely 
diminished.

The high fecundity, iteroparity, and relatively long life cycle of splittail suggest that this 
species should be very resilient and capable of rebounding quickly following wet years if 
– but only if – there is adequate environmental capacity to support more adults over the 
long term. As evidenced by the statistically significant decline in the abundance of older 
splittail, the capacity to support increasing adult populations appears to be precisely what 
is lacking in the present environment, and threatening splittail with endangerment.

FACTORS THAT AFFECT THE SACRAMENTO SPLITTAIL

In addition to consideration of the species’ biology, range, and population trends, the 
Service has identified five factors mandated by the ESA for consideration in making 
listing determinations: a) present or threatened destruction, modification, or curtailment 
of habitat or range; b) overutilization for commercial, recreational, scientific or 
educational purposes; c) disease or predation; d) inadequacy of existing regulatory
mechanisms; and e) other natural or manmade factors affecting the species’ continued 
existence.  In earlier comments regarding splittail that we submitted in 2001 and 2001 
(attached as Exhibits 1, 2 and 3), we addressed these factors in detail.  Since then, none of 
these factors that adversely affect the species and it habitat have been effectively 
addressed and, in many cases, conditions have worsened.  In these comments, we review, 
summarize and update some of these issues and we strongly urge to the Service to 
comprehensively update this analysis in their status review.

Factor A.  Present or threatened destruction, modification, or curtailment of habitat 
or range

Curtailment of range: Sacramento splittail are endemic to the Sacramento and San 
Joaquin Rivers and their Delta.  For a species of its adult body size, their range size is 
extremely limited, placing them among freshwater fish species with a high likelihood of 
endangerment and extinction (Rosenfield 2002).  The severe contraction of their range 
following post-European settlement and subsequent modification of the historic 
hydrographs of these rivers and their floodplains places Sacramento splittail in grave 
danger of extinction. Hundreds of river miles formerly inhabited (in the Sacramento and 
San Joaquin Rivers and their tributaries, and Coyote Creek in Santa Clara County) are 
now entirely absent of splittail or only occasionally reached by stray individuals.  
Anecdotal reports of stray individuals, for example in the Sacramento River upstream of 
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the Delta, are not adequate to demonstrate the establishment of a resident population or 
expansion of splittail range into these areas.

Present destruction, modification, or curtailment of habitat: As discussed by the 
Service in previous notices, habitat destruction and modification are a primary cause of 
the curtailment of range, and are also responsible for curtailment of habitat for the species 
within its remaining range. We believe the Service should more clearly distinguish 
curtailment of range from curtailment of habitat within the remaining range.

The Service should also clearly distinguish the two major factors responsible for habitat 
loss: a) diversions and controls of water flow, and b) loss of floodplain area. Though 
obviously related, one is loss of the water needed to inundate habitat, and the second is 
loss of floodable habitat area, and these are quantified in different ways.

Diversions and controls of water flow. Regarding loss of water flows needed to inundate 
habitat, the Service's Recovery Plan for the Sacramento-San Joaquin Delta Native Fishes 
(1995) states that water users within the Delta have taken up to 57 percent of Delta 
inflow. This is in addition to substantial diversions resulting in loss of flow upstream of 
the Delta, which also should be quantified. Kondolf (2000) reported that reservoir 
storage in the Sacramento River basin is equivalent to about 80% of average annual 
runoff, and to about 135% of average annual runoff in the San Joaquin basin.

Flood control and water storage facilities and operations result in two additional effects 
on water flows that adversely impact splittail habitat: a) they reduce peak flows, so flow 
events that flood splittail breeding habitat are less frequent, flow events flood less area, 
and flows needed for migration are not achieved (winter floods in the Central Valley are 
reduced 40-90%: Kondolf 2000); and b) by storing water between years, water 
management turns series of dry-to-average years into series of dry years in terms of flows 
experienced by splittail. In other words, water storage projects actually make California's 
variable climate more extreme for splittail, by storing higher flows vital to the species 
and attenuating them to lower flows, detrimental to the species, over more than one year.

For example, the following hypothetical sequence of years: dry-critically dry-normal-dry-
-normal-dry, would not be unusual in California's climate, and in an uncontrolled system 
would not present any great risk to splittail, as they would achieve good reproduction in 
two (normal) out of six years. However, in the Central Valley's highly controlled 
watersheds, this rather ordinary sequence of years would be experienced by splittail as a 
six-year drought. Thus, the 1987-1992 drought caused strong declines in the species, and 
the 1993 wet year did not benefit splittail because high flows were stored in drought-
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depleted reservoirs, effectively turning the drought into a 1987-1994 drought for splittail.

Three-year sequences of dry to critically dry years have occurred four times in 104 years
of records for the Sacramento basin, most recently from 2007-2009 (water year type data 
from http://cdec.water.ca.gov/cgi-progs/iodir/WSIHIST). A nine-year drought occurred 
in the Sacramento Valley from 1929 through 1937, with four critically dry years, two dry 
years, and three below-normal years. A seven-year period that would now be 
experienced by splittail as a continuous drought occurred in the Sacramento Valley from 
1944 through 1950, with three dry years and four below-normal years. And even 
the 1930's and 1987-1992 sequences of years were not extreme by California tree-ring 
records (Stine 1994). These data show that multi-year normal-to-dry year sequences are 
reasonably foreseeable and represent the scenario imminently likely to challenge 
continued existence of the splittail – as justified by discussion above and below as well as 
in the Service's own documents. Therefore it is a multi-year low-flow scenario that the 
Service must analyze in assessing whether the splittail is at risk of becoming endangered.

Regarding reduction in flooding due to large-scale water management, we have compiled 
data from the California Department of Water Resources (DWR) Dayflow database on 
how often flooding flows occurred in the past. We compared flows on the Sacramento 
River from 1930-1962 with 1963-2009, pre- and post-closing of Oroville Dam, and 
looked for flows in excess of 40,000 cubic feet per second (cfs), 30-day average.  Such 
flows, today, are associated with prolonged flooding of the Yolo Bypass, suitable for 
splittail reproduction. We restricted our analysis to February 1 through May 31 to 
coincide with splittail spawning/rearing period.

We found that our index (30-d flows greater than 40,000 cfs) indicated flooding in all 
DWR above-normal and wet years, and no flooding in any critically dry year. The flood 
index in below-normal years differed markedly pre- and post-major dams: flooding was 
indicated in 9 of 9 below-normal years before Oroville dam (100%), and in only 1 of 5
afterward (20%). This difference is statistically significant (Fisher's exact test, one-tailed 
p<0.01), confirming that flood flows have become less frequent. Flood frequencies in 
dry years were not distinguishable (1 of 9 pre-dams vs. 1 of 9 post-dams).

Loss of floodable habitat area. Floodable habitat loss is primarily due to past and 
ongoing channelization of rivers and sloughs and diking and drainage of floodplains and 
marshes, and could be approximately quantified by comparing historical and potential 
habitat maps with present conditions. The great Delta of the Sacramento and San Joaquin 
rivers is an example.  Once an enormous marsh, permanently or seasonally inundated and 
ideal for splittail spawning and rearing, the Delta is now almost entirely channelized, 
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diked, and drained. It is apparent even to the casual observer that nearly all of the 
Sacramento, San Joaquin, and major tributary rivers within the historic range of the 
splittail are similarly almost entirely diked and channelized, and support little of the 
shallow flooded habitat needed by the species.

Diking blocks high flows from inundating areas of former spawning and rearing habitat, 
and blocks splittail access to and from any habitat that may be flooded. Channelization 
creates unnaturally steep banks with greatly reduced area and potential to support the 
shallow submersed vegetation needed by splittail for spawning and reproduction.
Channelization also focuses flow energy and thus goes hand in hand with a need for bank 
hardening to protect the channel. Riprapped or otherwise hardened banks are in many 
cases completely devoid of splittail habitat and are significant contributing factors to 
range curtailment and habitat curtailment.

The Service expanded its analysis of the threats resulting from channelization and bank 
protection in its January 12, 2001 threats discussion. The Service's status review should 
further expand and quantify this analysis, for example by discussing the Sacramento 
River Bank Protection Project (SRBPP) draft jeopardy biological opinion on splittail 
(Service reference 1-1-00-F-0126, November 2000), and reviewing status of compliance 
with the final no-jeopardy biological opinion (same reference number, July 30, 2001).
The draft jeopardy opinion states that since its inception in 1963, the U.S. Army Corps of 
Engineers (Corps) through the SRBPP has riprapped 152 miles of the lower Sacramento 
River—a very large habitat impact in an important portion of the splittail range—and that 
riprapping under the SRBPP encompasses about 44 percent of bank on the lower 
Sacramento River, 39 percent on the middle reach, and 30 percent on the upper river.
Moreover, the SRBPP makes up only part of the total bank protection that has been 
completed on the Sacramento River. According to the opinion, the Corps estimated prior 
to 1990 that over 75 percent of river bank downstream of Sacramento was already 
riprapped.

Threatened destruction, modification, or curtailment of habitat:  One might think 
there is little left to destroy, but the SRBPP draft jeopardy opinion identifies future bank 
protection projects likely to further curtail splittail habitat. The CALFED Bay-Delta 
Program also proposed a bank protection program within the Delta that could impact 
splittail habitat, and that would maintain dikes/levees that block water and splittail access 
to formerly inhabited floodplain area. More recent concerns regarding flooding 
following Hurricane Katrina have prompted other efforts to fortify levees, many of which 
proposing to use methods that degrade or curtail splittail habitat.  The Service's status 
review should assess these and other threatened habitat curtailments.
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In previous Federal Register notices, the Service has also discussed numerous proposed 
actions that threaten to reduce flows, reduce peak flows, alter flow timing, or result in 
greater storage of flows between years. Since then the state and federal water projects 
have published a new Operations Criteria and Plan (OCAP) that reduces river flows, 
increases Delta exports and which, according to both the Service and the National Marine 
Fisheries Service (NMFS) will jeopardize both listed estuarine species (i.e., delta smelt) 
and anadromous species (i.e., two runs of Chinook salmon, Central Valley steelhead, and 
green sturgeon); plans by north-of-Delta water users to transfer hundreds of thousands of 
acre-feet of water to the Metropolitan Water District and San Joaquin Valley agriculture 
have been made; and numerous proposals for new upstream surface water storage 
projects are being considered.  Clearly, the Service’s discussion of threats to the splittail 
needs to be updated and expanded, with quantification of effects to splittail habitat where 
known.

Factor D.  Inadequacy of existing regulatory mechanisms

In 2003, the Service removed the splittail from the endangered and threatened species list 
based, in part, on an incorrect analysis under Factor D (68 FR 55162).  In this status 
review, the Service should correct the fallacies in its 2003 delisting decision and 
recognize that existing regulatory mechanisms are insufficient to protect splittail.

In its 2003 decision, the Service acknowledged that “[i]n the past, we did not consider the 
suite of available regulatory mechanisms to be adequate to protect the splittail.”  Id.
(citations omitted).  However, it reversed course in the delisting decision, explaining that
the agency now believed that “progress to date [under the Bay-Delta Accord and 
CALFED] are likely to allow effective management of water for the benefit of splittail.  
In addition, we believe that some benefits will accrue from efforts associated with 
[CALFED and CVPIA].”  Id.  Of course, today, both the Bay-Delta Accord and
CALFED are all but dead with nearly universal agreement that those regulatory programs
failed not only to restore the Delta’s ecological health and its fisheries, but have left the 
estuary and its fisheries in worse shape than they were at the inception of those programs.  
Clearly, neither CALFED nor the Bay-Delta Accord provided a basis for concluding that 
existing regulatory mechanisms adequately protect splittail.

While the CVPIA remains applicable today, it, too, has failed to live up to its promise of 
fish and habitat restoration in the estuary, primarily due to faulty implementation and 
administration of its restoration mandates.  We enclose two recent reviews of the 
CVPIA’s fisheries programs that illustrate this point.  First, a December 2008 report 
entitled “Listen to the River:  An Independent Review of the CVPIA Fisheries Program”, 
appended hereto as Exhibit 4, concluded that:
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 With regard to the CVPIA’s salmon doubling mandate, “[d]oubling did not 
happen by the legislative goal of 2002, or by 2008, nor is it likely to ever occur 
unless renewed commitments and improvements are made to the CVPIA 
program” (ES-1);

 “it is far from clear that the agencies have done what is possible and necessary to 
improve freshwater conditions to help these species weather environmental 
variability, halt their decline and begin rebuilding in a sustainable way” (ES-2);

 “[t]he agencies should develop a more expansive view of the authorities at their 
disposal to address the problems, especially with regard to water management and 
project operations” (ES-2);

 “the agencies must do a fundamentally better job addressing the problems at the 
system-wide scale” (ES-3);

 “the CVPIA will not be successful in isolation from other activities within the 
region” (ES-3).

While the Independent Review focused mainly on the salmon doubling program under 
the CVPIA, this was one of the programs primarily relied on by the Service in its 2003 
delisting decision (68 FR at 55161).

Second, the Service and the Bureau of Reclamation also released the CVPIA 
Performance Activity Review Report (CPAR) in December 2008, appended hereto as 
Exhibit 5, which found that the broader restoration objectives of the CVPIA have not 
been met such that the restoration fund payments could be reduced under § 3407(d)(2) of 
the CVPIA.  The report further indicates that some of the restoration provisions of the 
CVPIA have not yet been funded at all, including requirements under §§ 3406(b)(7), 
(b)(8), and (b)(19).  CPAR at 14-15.  This finding is at odds with the Service’s 
conclusion in its 2003 decision that CVPIA programs are “fully funded”  (68 FR at 
55160).

Finally, we note that the finding in the 2003 delisting decision regarding the adequacy of 
existing regulatory mechanisms was the source of significant internal disagreement 
within the Service at the time, and merits re-analysis for that reason alone.  We have 
included with our comments, appended as Exhibit 6, a copy of a document that we 
received in response to a FOIA request that compares changes from the rule drafted by 
the biologists in the regional office with edits made by managers in the D.C. office. 
Among other things, the redlined comparison shows that:
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 the Sacramento version concluded that existing regulatory mechanisms, such as 
CVPIA and CALFED, “continue to remain inadequate to protect the species or its 
habitat.”  (See strikeout under “D.  the inadequacy of existing regulatory 
mechanisms” on page 69.)  The D.C. version, in contrast, changed the finding to 
the opposite, concluding that “We now believe that progress to date indicates that 
these mechanisms are likely to allow effective management of water for the 
benefit of splittail.”  (See underlined additions at page 80; 68 Fed. Reg. 55162.)  

 the Sacramento version states that: “The likelihood CALFED will achieve its 
recovery objectives is adversely affected by available funding and the possible 
lack of continuing agreement among the parties to fully implement the program.
Full implementation of the 30-year program will require both State and Federal 
funding and is expected to require both annual appropriations by Congress and 
continued funding by the State of California. The Federal Government was to 
provide 25 percent of the funding necessary, but in practice have [sic] only 
provided 5 percent.” (Strikeout at page 66). In the D.C. version, this becomes 
simply: “CALFED has received sufficient funding (approximately 80 percent of 
funding required from the State of California, from CVP and SWP water project 
users and local entities, and from Federal funding), to make progress towards 
achieving its goals which include restoration and enhancement of splittail 
habitat.” (Underlined additions at page 75; 68 Fed. Reg. 55159).

 the Sacramento version includes the statement that: “CVPIA is a mitigative effort 
for past impacts of the CVP and … CALFED is a multi-purpose program that, at 
full implementation, will include both beneficial ecosystem and restoration 
elements as well as appreciably harmful water supply, conveyance, and flood 
control projects. (Doesn’t sound like a net benefit to the species).” (Strikeout at 
page 52). In the final rule, this becomes: “CVPIA is a mitigative effort for past 
impacts of the CVP, and like CALFED, is a multi-purpose program that, at full 
implementation, will include both beneficial ecosystem restoration elements as 
well as water supply, water conveyance, and flood control projects, all of which 
are required to be implemented in a manner that considers the needs of the 
environment, rather than just maximizing flood control and water supply and 
delivery which was the case in the past.” (Underlined additions at page 76-77; 68 
FR 55159).

We urge the Service to correct the baseless statements in the 2003 delisting decision and 
recognize that neither CALFED, the Bay-Delta Accord, the CVPIA, nor any other 
regulatory program adequately reduce the threats faced by splittail.  
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Factor E.  Other natural or human-made factors affecting its continued existence

We would like to bring several points of information to the attention of the Service in 
analyzing Factor E.  

Selenium contamination:  In 1998, the Service issued a draft jeopardy biological 
opinion to the U.S. Environmental Protection Agency (EPA) regarding the effects of 
selenium (Se) on splittail expected to result from the proposed California Toxics Rule 
(Service reference 1-1-98-I-618). Two years later, with EPA's incorporation of 
alternative measures into the proposed action, the Service finalized this opinion as a non-
jeopardy opinion (Service reference 1-1-98-F-21). EPA's originally-proposed action on 
Se was promulgation of a 5 ug/L (ppb) standard in water, and it was that proposal that 
provoked the Service’s draft jeopardy finding.  Yet 5 ppb Se is still commonly exceeded 
in the San Joaquin River (Grassland Bypass Project monitoring reports, on file with the 
Service), which delivers Se to the Bay-Delta.  Moreover, EPA is far behind schedule in 
meeting the measures addressing Se in the Service’s final opinion.  The Service has 
already determined, through its draft jeopardy opinion, that EPA’s failure to meet those 
conditions reflects a real threat to splittail.  The Service’s status review for splittail must 
review the adequacy of, and compliance with, the measures and conditions of the 
Service’s final opinion for protection of the splittail.

Interaction with recently introduced clam. Regarding the threat of Se contamination and 
its interaction with the introduced clam Corbula amurensis, the Service should be aware 
of a recent publication by Linville et al. (2002). These researchers found that Se 
contamination in the benthic food web has increased significantly in Suisun Bay and 
vicinity, an important habitat area for splittail, after the invasion of C. amurensis in 
1986. C. amurensis has become the dominant benthic invertebrate there, and it contains 
Se concentrations three times higher than were recorded in studies little more than a 
decade ago.  This is because C. amurensis, a filter-feeder, is highly efficient at removing 
Se-containing particles from the water column, and because it has high assimilation and 
retention of Se (Linville et al. 2002, see also Stewart et al. 2000). The paper's Figure 4 
shows multiple sample sites in Honker Bay, Suisun Bay and Grizzly Bay, where Se 
concentration in C. amurensis exceeded 8 ppm (dry weight: dw), and a site in eastern 
Carquinez Strait where the concentration was 20 ppm (dw).

We believe this constitutes evidence relating to a serious threat to the splittail.  In a 
review article, Maier and Knight (1994) concluded that concentrations of Se above 4 ppm 
(dw) in diet are associated with adverse effects in fish and wildlife. Skorupa (2000)
reviewed case studies where Se contamination in prey ranging from 10 to 50 ppm (dw) 
resulted in severe population declines (38-75 percent; "progressive mortality"), 
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reproductive failure, or extirpation of one to multiple fish species. Splittail are benthic 
feeders and evidence developed by Stewart and others (e.g., Stewart et al. 2001) indicates 
splittail feed on the contaminated C. amurensis in and around Suisun Bay.  CALFED's 
January 29, 2001 scientific workshop on splittail concluded, "Their diet and use of habitat 
in Suisun Bay apparently make splittail relatively vulnerable to selenium contamination," 
and identified avenues of research needed.

Average Se levels in liver of white sturgeon (which also feeds on C. amurensis) from 
Suisun Bay and vicinity rose dramatically between 1986 (before the bivalve was 
common) and 1989-1990, from 9.2 ppm to 30 ppm (Luoma & Presser 2000, p. 74). Se in 
sturgeon flesh and in flesh of surf scoters, which are also benthic feeders, were both 
significantly positively correlated with Se in bivalves during 1986-1990 in the Suisun 
area (Linville et al. 2002, p. 61 and Fig. 7). Concentrations in sturgeon and scoter flesh 
were uniformly higher than concentrations in their prey.

We note that the presence of these dangerously high concentrations of Se in C. amurensis
demonstrate that sulfate concentrations in the estuary or contributing waters are not 
protecting splittail or the rest of the ecosystem from excessive selenium 
bioaccumulation. We also note that any argument about Se forms, such as selenate, 
selenite, and elemental Se, of differing bioavailability, must be subservient to the 
observed fact that toxic levels of Se now exist in splittail prey in the Bay-Delta estuary.

Linville et al. (2002; see also Luoma & Presser 2000) noted an effect of flows on Se 
concentrations in the clams: concentrations declined during high flow periods and peaked 
during low flow period. There also appears to be a correlation with hydraulic residence 
time, where clams in waters with slower turnover show higher ratios of Se accumulation, 
perhaps because some time is needed for the Se to be assimilated from inorganic forms 
into the food chain and become available to the filter-feeding clams. Mean 
concentrations in C. amurensis varied from 7 to 20 ppm over two seasonal flow cycles.
While all of these concentrations are at likely adverse effect levels for splittail diet, the 
flow effect indicates that low flow periods are periods of higher risk for splittail. Other 
recent work has shown that Se levels in Bay-Delta plankton are higher during low flow 
periods (Purkerson et al. 2000).

Elevated concentrations of Se in splittail and white sturgeon. A variety of sources 
indicate that Se levels are elevated in some splittail, especially individuals feeding on 
clams in Suisun Bay. An article by Teh and others (2003) contains information that 
splittail collected from the wild had Se exceeding 30 ppm in the gonads, a level likely to 
cause adverse effects on reproductive success.
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U.S. Geological Survey (USGS) scientists and colleagues have been studying diet and 
selenium content of splittail from Grizzly Bay (Stewart et al. 2000, 2001). They have 
found that splittail feeding on clams – often the larger fish – have higher Se content: 
within a range of concentrations associated with adverse effects in other fish species.
The trend with respect to larger fish is significant because larger females are more 
fecund, so Se impacts to larger (typically, older) fish are likely to disproportionately 
affect reproduction of the population. In many fish, Se is concentrated in the eggs, with 
consequent adverse effects on growth and survival of the larvae when the yolk sac is 
resorbed.

Data on selenium in splittail are limited, but more data exist on white sturgeon, which are 
also benthic feeders that occur within the splittail's range and consume C. amurensis.
Luoma and Presser (2000) and Linville et al. (2002) therefore use white sturgeon as an 
animal model of an estuarine bottom-feeding fish. Concentrations of Se above the 
threshold associated with adverse health or reproductive effects have been well 
documented in white sturgeon from Suisun, San Pablo, Grizzly, and Honker Bays 
(Luoma & Presser 2000, pp. 74-75, 80-81, Tables 12, 14).

We request that the Service consider – and hereby incorporate by reference – the USGS 
report "Forecasting Selenium Discharges to the San Francisco Bay-Delta Estuary: 
Ecological Effects of a Proposed San Luis Drain Extension" (Luoma & Presser 2000).
This report provides a general model of Se transformations and bioaccumulation in Bay-
Delta estuarine food webs that is applicable to current conditions, without or with a San 
Luis Drain extension, as well as a wealth of data and an outstanding review of knowledge 
about Se and its effects in the estuary.

Even assuming targeted Se loads are eventually achieved in the San Joaquin River, Se in 
clams is expected to reach levels causing adverse effects in their predators – sturgeon or 
splittail – in nearly every year during low flow seasons. Using a range of realistic to 
conservative assumptions, Luoma and Presser (2000) model the food web accumulation 
of Se to clams and their predators in the Bay-Delta. During years when runoff nearly 
matches or is less than storage capacity, low flow conditions would persist nearly or 
completely year-around. The model indicates average Se concentrations in C. amurensis
would reach the most adverse levels in critically dry years (12 ppm Se, dw). These 
results are based on Luoma and Presser's mid-range assumptions. It is likely that Se
concentrations would be higher in some areas of the estuary and lower in others, as they 
are today (e.g., locations with long vs. short hydraulic residence times).

We urge the Service also to consider that standard methods and constraints on field and 
laboratory studies tend to limit detection of adverse effects to effects that are already 
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quite severe at a population level, since substantial effects are easier to observe or to 
verify statistically among small sample sizes.  This is true of Se, where commonly 
monitored effects are death or death-with-deformity – relatively insensitive responses –
while among the most sensitive responses known are immunosuppression (making the 
exposed organism more susceptible to disease), reduced growth, and mass wasting (S. 
Schwarzbach, USGS, presentation September 23, 2002). All three sensitive responses, 
which are rarely measured, are likely to have serious population-level effects, since 
health, growth, and weight are important factors in survival and reproductive 
success.  For example, the EPA considered establishing a Se criterion based on a single 
study that detected a significant effect at a fish-tissue concentration of 7.9 ppm Se (dw).
This "significant" effect corresponded to well over 20 percent mortality among the fish.
The true population-level effects of such contamination would be substantially greater 
than this, due to sublethal effects on health and reproduction, mortality outside the 
experimental period, reduced ability to evade predators, mortality or reduced growth of 
offspring, et cetera.  

Future Federal actions affecting selenium threats. Given the severity of selenium-related 
effects on splittail, it was unfortunate that splittail were removed from the ESA 
threatened and endangered list on the eve of proposed renewal of long-term federal water 
contracts with the contractors responsible for most of the present selenium discharge into 
the San Joaquin River and the estuary (data on discharge in Luoma & Presser 2000).
However, several long-term CVP contract renewals for districts with a long history of 
drainage problems and selenium impairment are still pending, including a contract for the 
Westlands Water District.  Listing provides the opportunity for Reclamation to consult 
with the Service on how to minimize the effects of these contracts on the survival and 
recovery of the species.

We further note, relevant to Factor E and to Factor D, that the listed status of delta smelt, 
delta smelt critical habitat, and salmonids within the range of the splittail does not 
adequately protect splittail from the effects of selenium and other bioaccumulative 
contaminants (such as mercury). Smelt and salmonids are more tolerant of and thus more 
easily protected from selenium than splittail, because they do not feed on benthic 
invertebrates such as clams, and, with respect to salmonids, because they are not resident
in the estuary. With respect to mercury and other biomagnifying toxins, delta smelt have 
a much shorter lifespan and so less cumulative exposure.

Mercury contamination:  In the final biological opinion for the renewed Grassland 
Bypass Project (September 27, 2001, Service reference 1-1-01-F-153), the Service 
reported that 15 samples of splittail collected at the Tracy Pumping Plant during the 
summer of 2000 and analyzed for whole-body mercury (Hg) concentrations contained 
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levels as high as 600 parts per billion (ppb), wet weight (ww). Two-thirds of the samples 
exceeded 70 ppb Hg, ww. Based on these data, known sources of Hg (e.g., the New Idria 
mine, which discharges to the San Joaquin River), and literature on the effects of Hg on 
fish, the Service concluded, regarding splittail, "the real and present threat of mercury 
toxicity appears to be substantive" (p. 2-24). In its status review, the Service should 
consider any and all more recently available information, such as data on Hg in splittail 
collected at the pumps in the summer of 2000.

While data on splittail body burdens are relatively sparse, abundant data exist on Hg in 
other fish species in the range of the splittail. There may also be data on Hg in splittail 
prey organisms. The Service also should consider these data and an appropriate animal 
model when evaluating the degree to which splittail is threatened by Hg contamination.

The Service issued a draft jeopardy biological opinion to the EPA regarding the effects of 
Hg on splittail expected to result from the proposed California Toxics Rule (January 23, 
1998, Service reference 1-1-98-I-618). With EPA's incorporation of alternative measures 
into the proposed action, the Service finalized this opinion as a non-jeopardy (March 24, 
2000, Service reference 1-1-98-F-21). The status review on splittail should review the 
adequacy of, and compliance with, the measures and conditions of the opinion for 
protection of the splittail.

Other contaminant threats:  The status review should take into account that California 
State Water Resources Control Board lists all the important water bodies in the splittail's 
range as impaired by one or more contaminants, commonly including several of the 
following: organophosphate pesticides (OP) like diazinon, chlorpyrifos and malathion 
(cholinesterase inhibitors); chlorinated hydrocarbons like chlordane, DDT and dieldrin; 
PCBs, dioxin and furans; metals including mercury, cadmium, copper and others; 
selenium; excessive nutrients and low dissolved oxygen, and a catch-all category of 
"unknown toxicity," where the biological effect can be measured but its cause has not yet 
been identified (state 303d lists available at www.swrcb.ca.gov/tmdl/303d_lists.html).
Many contaminants occur on particulates and in benthic sediment, as well as in water and 
organisms in the aquatic food web.  There is no evidence that pollution by these has been 
reduced or mitigated in the past decade; in fact bioassay recent studies investigating the 
Pelagic Organism Decline (POD) have reported toxicity at a number of locations within 
the splittail’s range and currently occupied habitat (Baxter et al. 2008).

Episodic toxicity. Research indicates that toxicity of certain contaminants in splittail 
habitat is not constant but occurs in episodes, often in runoff from rainstorms following 
periods of use of the chemicals. Kuivila (2000) and Houston et al. (2000) report episodic 
toxicity in winter associated with organophosphate pesticide treatment of dormant 
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orchards; carbofuran and chlorpyrifos in the San Joaquin River and Delta in spring, 
possibly associated with treatment of alfalfa; rice pesticides in late spring and early 
summer with release of rice field water; and a variety of herbicides from irrigation 
tailwater during the summer. Peaks of numerous other chemicals, including the 
herbicides trifluralin and atrazine, have also been found (Moon et al. 2000).

Organophosphate pesticides. In addition to extensive agricultural use in California, 
substantial OP contamination flows from urban creeks (Russick & Nash 2000). Like 
agricultural contaminants, urban OP contamination is likely to continue, and to be less 
diluted relative to flows, during low-flow periods. OP pesticides recently have been 
implicated as immune suppressors and endocrine disruptors in amphibians (Kiesecker 
2002).

Sublethal effects: Immune suppression, DNA damage, endocrine disruption.
Atrazine, a triazine herbicide heavily used in California, is an immune suppressor and an 
endocrine disruptor in amphibians at concentrations commonly found in the environment 
(Hayes et al. 2002, Kiesecker 2002). Anderson et al. (2000) found increased DNA 
damage in Sacramento suckers associated with pesticide exposure in the San Joaquin 
River. Her group is now focusing on OP pesticides but other contaminants may be 
implicated as well. For example, an EPA-funded study in the range of the splittail is 
looking into endocrine disrupting effects of phthalate esters. All of the contaminants 
addressed above have sublethal effects at lower doses than those that cause direct 
mortality, but nonetheless can have significant population effects.

Low dissolved oxygen (DO), caused by excess nutrients, organic matter, and low flow, is 
a common occurrence in the Stockton deepwater ship channel in the lower San Joaquin 
River as well as certain Delta waterways and portions of Suisun Marsh (Lee and Jones-
Lee 2000). In addition to degrading habitat, areas of low DO may act as barriers to 
migration, isolating potentially useful breeding area beyond the dead zone, or, if adults do 
make it through during higher flows, may kill juvenile splittail as they move 
downstream. In the area of the Stockton ship channel, this barrier may also shunt more 
splittail toward the Central Valley Project (CVP) Tracy pumps.
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Effects of contaminants exacerbated by low flows:  Because most California 
agriculture and urban development is below water storage facilities, most contaminants 
are not retained behind dams and continue to enter splittail habitat even during low-flow 
years. Contaminant problems are likely to be most severe during low-flow years, with 
episodic toxicity following rainfall events due to runoff from agricultural and urban areas 
reaching splittail populations. In the absence of the dilution that would be provided by 
unmanaged flows, concentrations of contaminants are likely to be highest in low-flow 
years, as has been demonstrated for selenium.  Thus, modification of the natural 
hydrograph by limiting flows during critical periods for splittail (e.g. spawning, 
incubation, and larval rearing) exacerbate impaired water quality conditions.

SYNTHESIS

In the nearly two decades since the splittail was first proposed for ESA listing as 
threatened, we have learned a great deal about this unique species.  Throughout that same 
period, regulatory mechanisms and management actions promoted as sufficient to protect 
the species have collapsed, been inadequately implemented or not implemented at all, 
even as the splittail, along with many other fish species that share its habitat, has 
continued to decline to the near record low levels measured in recent years.  Our
comments represent a review of the available science on the species and its habitat and 
the new meta-analysis we present here demonstrates (as many previous analyses have 
showed) that splittail population abundance (especially the critical adult life stage needed 
to carry the population through drought conditions) is declining.  The conclusion is clear: 
splittail are on a downward trajectory towards extinction and current environmental 
conditions, existing regulatory mechanisms, and the anticipated changes in the system 
resulting from both future planned water management are incompatible with sustaining 
them.  We strongly urge the Service to complete the status review for the splittail 
expeditiously and then act to protect species and promote its recovery by confirming its 
listing as a threatened species.

Thank you for the opportunity to comment on the status review. If you have any 
questions regarding these comments, please contact Dr. Christina Swanson at (415) 878-
2929 ext. 26, Dr. Jonathan Rosenfield at (510) 684-4757, or Ms. Kate Poole (415) 875-
6100.

Sincerely,

Christina Swanson, Ph.D.
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Executive Director and Chief Scientist, The Bay Institute

Jonathan Rosenfield, Ph.D.
Conservation Biologist, The Bay Institute

Katherine Poole
Attorney, Natural Resources Defense Council 

for the Natural Resources Defense Council and The Bay Institute.
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