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EXECTIVE SUMMARY
 

The National Marine Fisheries Service’s (NMFS’s) Southwest and Northwest Fisheries Science 
Centers were requested to conduct an update of the Status Review for North American Green 
Sturgeon (Acipenser medirostris) (Adams et al. 2002). The request came as the result of a 2004 
court ruling remanding to NMFS for further consideration the issue of whether green sturgeon 
are endangered or threatened in a “significant portion of the species’ range”. The Biological 
Review Team (BRT) was requested to include in its updated review any new scientific or 
commercial information available since the last status review and to identify and conduct a 
relative ranking of the sources, severity, and geographic scope of threats to green sturgeon. 
Informed by information and finds of the original status review, the BRT reconsidered green 
sturgeon’s Distinct Population Segment (DPS) structure and the risk status for each DPS in the 
light of any new information in this current update. The BRT also considered whether there 
were subsets of the green sturgeon DPSs that were “a significant portion of the range”.  In 
addition, the BRT considered the geographic extent and relative importance of confirmed, 
current or lost spawning habitat within each DPS. Finally, the BRT identified the sources, 
severity, and geographic scope of threats to each DPS and considered the possibility of ranking 
those threats. 

The BRT received new and updated green sturgeon information on genetic analyses, oceanic 
distribution and behavior, freshwater distribution, and catch data. New genetic analyses were 
available that included new adult samples from the Umpqua River, new juvenile samples from 
the upper Sacramento River, and additional adult samples from the Rogue and Klamath rivers. 
The new analyses used nine loci rather than the six used in previous studies.  The new genetic 
analyses showed a strong division between northern and southern spawning areas. The northern 
spawning area included the single stock areas of the Rogue and Klamath rivers along with the 
mixed stock area of the Umpqua River.  The southern spawning area included the single stock 
area of the Sacramento River and the mixed stock areas of San Pablo Bay and the Columbia 
River. New oceanic distribution and behavior information came from archival tags, Oregon 
trawl logbook analysis, and acoustic tags.  These data indicated that green sturgeon make 
generally northern migrations, apparently occurring in numbers off Vancouver Island, and are 
taken by trawl at shallow depths almost exclusively inside the 110 m contour. New freshwater 
distribution records in the Northern DPS documented two juvenile green sturgeon captured in the 
Umpqua River, although the status of current spawning there is uncertain. In the Southern DPS, 
the BRT concluded that green sturgeon originally spawned above Keswick and Shasta dams on 
the Sacramento River, that green sturgeon were using the Feather River system for spawning 
before the construction of Oroville Dam, and that there is no evidence of green sturgeon ever 
occurring in the San Joaquin system. Updated catch information showed the continued decline 
in green sturgeon coastwide catch from a high of 9065 in 1986 to 512 in 2003. 

The BRT considered both the green sturgeon DPS structure from the previous status review and 
the updated genetic analyses, and concluded that the new information further supported their 
previous conclusion that there are at least a Northern DPS and a Southern DPS. In the updated 
green sturgeon dendrogram, the split between the group of the Rogue, Klamath, and Umpqua 
populations and the group of the Sacramento River (juveniles), San Pablo Bay, and Columbia 
River populations occurred in 100% of the bootstrap runs. The Northern DPS is made up of 
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single stock green sturgeon spawning populations in the Rogue, Klamath and Eel rivers.  The 
Southern DPS at present contains only a single spawning population in the Sacramento River. 
Recent habitat evaluations conducted in the upper Sacramento River for salmonid recovery 
planning have indicated that significant green sturgeon habitat was probably altered or made 
inaccessible by dam construction. The historical presence of green sturgeon spawning 
populations in the Feather and San Joaquin rivers are less clear. CDFG (2002) considers the 
Feather River to be “the most likely loss of spawning habitat [of green sturgeon in the Central 
Valley]”. While there is some recent evidence that white sturgeon spawn in the San Joaquin 
River, there are no current or historic records confirming green sturgeon use of this drainage. 

The BRT concluded that the Northern Green Sturgeon DPS was not in danger of extinction now 
or likely to become endangered in the foreseeable future throughout all of its range. A majority 
of the likelihood votes were placed in the not being in danger of extinction now or likely to 
become so in the foreseeable future category while a minority of the votes were placed for 
becoming in danger of extinction in the foreseeable future category, and a single vote was placed 
in the in danger of extinction category. It should be noted that every BRT member placed at 
least three votes in the likely to become endangered in the foreseeable future category. This 
indicates the uncertainty associated with making informed risk assessments with the lack of 
available data and the potential for change in assessing levels of risk as more data becomes 
available. The majority of the BRT felt that the inclusion of two significant spawning rivers in 
the DPS, the continued reduction in green sturgeon catch, and improvement in data from the 
Rogue River were encouraging information.  A minority felt that there was too much uncertainty 
in the green sturgeon data and that their status could be much worse than we currently think. 
The BRT was not convinced that green sturgeon populations were extirpated from either the 
South Fork of the Trinity or the Eel rivers. “Significant portion of the species’ range” 
discussions for this DPS ended without resolution due to the uncertainty resulting from the lack 
of historical data about green sturgeon spawning areas, but there was consensus that the Eel 
River by itself was not a significant portion of the range of Northern DPS. The entire BRT felt 
that the green sturgeon populations in the Northern DPS faced potentially serious threats that are 
particularly worrisome with the lack of data to adequately monitor population status.  The BRT 
reiterated their previous comment that the Northern Green Sturgeon DPS should be placed on the 
Species of Concern list (previously the list of Candidate species), that their status be reviewed at 
least every five years, and that population status monitoring be implemented. The BRT 
compiled known threats to green sturgeon in this DPS (Table 3), but were unable to rank them in 
importance due to lack of understanding of their impact on green sturgeon. 

All but one member of the BRT concluded that green sturgeon in the Southern DPS were likely 
to become endangered in the foreseeable future throughout all of its range, with the remaining 
member concluding that the DPS was not in danger of extinction or likely to become endangered 
within the foreseeable future throughout all of its range. The likelihood votes placed ranged 
from in danger of extinction to not in danger of extinction now or in the foreseeable future, again 
reflecting the uncertainty associated with the extremely limited green sturgeon data. The 
majority of the BRT felt that the blockage of green sturgeon spawning from what were certainly 
their historic spawning areas above Shasta Dam and the accompanying decrease in spawning 
habitat in the Feather River with the construction of Oroville Dam made the Southern Green 
Sturgeon DPS likely to become endangered in the foreseeable future throughout all of its range. 

ii 



  
 

    

 

Since the BRT concluded that the Southern DPS was likely to become endangered in the 
foreseeable future throughout all of its range, the consideration of risk in a significant portion 
was rendered moot. Moreover the BRT felt that potential threats faced by green sturgeon in the 
Southern DPS were more serious than the threats faced in the northern one.  The concentration of 
spawning adults into the Sacramento River places the Southern DPS at an even greater risk level. 
The BRT compiled known threats to green sturgeon in the Southern DPS (Table 4), but were 
unable to rank them in importance due to lack of understanding of their impact on green 
sturgeon. 
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INTRODUCTION
 

Scope and Intent of the Status Review Update 

On August 23, 2004, the Southwest and Northwest Regions requested that the Southwest and 
Northwest Fisheries Science Centers conduct an update of the Status Review for North American 
Green Sturgeon (Acipenser medirostris) (Adams et al. 2002). The request asked the Biological 
Review Team (BRT) to include in its consideration any new scientific or commercial 
information that may have come to light since the last status review and to include green 
sturgeon extinction risk for any “significant portion of the species’ range”. The request came as 
the result of a 2004 court ruling that remanded the Service’s 2003 green sturgeon Endangered 
Species Act (ESA) listing determination for reconsideration (the court’s ruling is further 
described in the History of the Listing Status of Green Sturgeon section). 

In addition, the BRT was asked to consider a number of questions in regard to the Distinct 
Population Segment (DPS) structure and risk status of green sturgeon. The first was to 
reconsider the green sturgeon’s DPS structure proposed in the previous status review in light of 
any new information. If a new DPS structure were warranted, what would the new DPS 
structure be? For each DPS, what is the risk of that DPS being in danger of extinction or likely 
to become so within the foreseeable future throughout all of its range? If a DPS is not in danger 
of extinction or likely to become so in the foreseeable future, is there a subset of the DPS that 
represents a significant portion of the range of the DPS? If there is a subset of the DPS that is a 
significant portion of the range, is that subset in danger of extinction or likely to become so in 
the foreseeable future? In addition, the BRT was asked if possible to quantify the geographic 
extent and relative importance of both known and suspected spawning habitat within each DPS. 
The BRT was also asked to identify known and suspected lost spawning habitat.  Finally, the 
BRT was asked to consider the sources, severity, and geographic scope of threats to each DPS 
and to conduct a relative ranking of threats to determine their contribution to survival risk of 
each DPS. 

The National Marine Fisheries Service (NMFS) convened a second BRT to update the status of 
green sturgeon throughout its North American range. The green sturgeon BRT met on November 
9 and 10, 2004 at Santa Cruz, California to review the best available information on green 
sturgeon DPS structure and the risk faced by each DPS under consideration, including any new 
information made available since the 2002 status review. The BRT included Dr. Peter Adams, 
Dr. Churchill Grimes, and Dr. Steven Lindley from NMFS, Southwest Fisheries Science Center, 
Dr. Mary Moser from NMFS, Northwest Fisheries Science Center, Dr. Joseph Hightower from 
U. S. Geological Survey, North Carolina Cooperative Fish and Wildlife Research Unit, and 
Michael Parsley from U. S. Geological Survey, Western Fisheries Research Center, Columbia 
River Research Laboratory. 

History of the Listing Status of Green Sturgeon 

On June 12, 2001, NMFS received a petition from the Environmental Protection Information 
Center, the Center for Biological Diversity, and Waterkeepers Northern California requesting 
that NMFS list the green sturgeon as threatened or endangered under the ESA and that critical 
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habitat be designated for the species concurrently with any listing determination.  On December 
14, 2001, NMFS provided notice of its determination that the petition presented substantial 
information that a listing may be warranted and requested information to assist with a status 
review to determine if green sturgeon warranted listing under the ESA (NMFS 2001 66 FR 
64793). To assist in the status review, NMFS formed a BRT comprised of scientists from the 
Northwest and Southwest Fisheries Science Centers and from the U. S. Geological Survey. 
NMFS also requested technical information and comments from State and Tribal co-managers in 
California, Oregon, and Washington, as well as from scientists and individuals having research 
or management expertise pertaining to green sturgeon from California and the Pacific Northwest. 
The BRT considered information presented in the petition and the best available scientific and 
commercial information provided in response to NMFS’ information request to prepare a final 
review of the biological status of green sturgeon (Adams et al. 2002). 

After conducting the status review, NMFS determined that green sturgeon population structure is 
comprised of (at least) two DPSs that qualify as species under the ESA: (1) a northern coastal 
DPS consisting of populations spawning in coastal watersheds northward of and including the 
Eel River; and (2) a southern DPS consisting of coastal or Central Valley populations spawning 
in watersheds south of the Eel River, with the only known extant population in the Sacramento 
River. 

The BRT considered the following information to assess risk factors for each green sturgeon 
DPS: (1) abundance trends indicated by fisheries and survey data; (2) the effects of harvest and 
bycatch; (3) the possible loss of spawning habitat in, for example, the Eel, South Fork of the 
Trinity, and San Joaquin rivers; (4) concentration of spawning in the Klamath (Northern DPS) 
and Sacramento (Southern DPS) river systems; (5) lack of adequate population abundance data; 
(6) potentially lethal water temperatures and adverse effects by contaminants (Southern DPS); 
(7) entrainment by water projects (Southern DPS); and (8) adverse effects by exotic species 
(Southern DPS). Based on this risk assessment, NMFS determined that neither DPS warranted 
listing as threatened or endangered (NMFS 2003 68 FR 4433). Uncertainties in the structure and 
status of both DPSs due to lack of data led NMFS to add them to its Species of Concern list 
(formerly the Candidate species list; NMFS 2004a. 69 FR 19975). Along with the finding, 
NMFS announced that it would reevaluate the status of green sturgeon in 5 years provided that 
sufficient new information warrants an update of the status review. 

On April 7, 2003, the Environmental Protection Information Center (EPIC) and other plaintiffs 
challenged NMFS’ not warranted finding.  The U.S. District Court for the Northern District of 
California issued an order on March 2, 2004, which set aside NMFS’s not warranted finding and 
remanded the matter back to NMFS for redetermination of whether green sturgeon is in danger 
of extinction throughout all or a significant portion of its range, or is likely to become 
endangered within the foreseeable future throughout all or a significant portion of its range 
(EPIC et al. v. NMFS, No. C-02-5401, N.D. Cal. Filed Mar. 3, 2004).  Specifically, the Court 
ruled that NMFS had failed to consider “whether the lost spawning habitats constituted a 
significant portion of the green sturgeon’s range for the purposes of determining whether the 
green sturgeon is endangered or threatened.” The Court advised that "Although the agency has 
wide discretion in determining what constitutes a significant portion of the range, the agency ... 
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must at least explain [its] conclusion that the area in which the species can no longer live is not a 
“significant portion of its range."  

The Northern and Southern DPSs are now considered candidate species (DPSs that are the 
subject of a listing petition which NMFS has accepted and has initiated an ESA status review), as 
well as Species of Concern (see NMFS 2004a 69 FR 19975). NMFS reconvened the green 
sturgeon BRT to update the status review. NMFS published a Federal Register notice on June 
18, 2004 soliciting information from the public to assist the agency in updating its status review 
and making a new listing determination (NMFS 2004b. 69 FR 34135).  To ensure that the 
updated status review considered the best scientific and commercial information, NMFS 
specifically solicited new information beyond that considered in the 2002 green sturgeon status 
review and the January 2003 one-year finding.  The public comment period closed on August 17, 
2004. Access to the public comments was provided to Plaintiffs and Intervenors on August 17, 
2004. NMFS will make its new one-year determination on or before March 2, 2005. 

Key Questions in ESA Evaluations 

In determining whether a listing under the ESA is warranted, two key questions must be 
addressed: 

1) Is the entity in question a "species" as defined by the ESA?
 
2) If so, is the "species" in danger of extinction or likely to become an endangered 

species in the foreseeable future throughout all or a significant portion of its range? 


These two questions are addressed in separate sections of this status review update. In 
addressing the second question, if it was determined that a green sturgeon DPS was not in danger 
of extinction or likely to become endangered within the foreseeable future throughout all of its 
range, the BRT held a discussion of what would constitute “a significant portion of a species’ 
range” for the green sturgeon DPS, and whether that significant portion was in danger of 
extinction or likely to become so within the foreseeable future. 

The "Species" Question 

For the purpose of the ESA, a species is defined as 

“any subspecies of wildlife or plants, or any distinct population segment of any 
species of vertebrate fish or wildlife which interbreeds when mature.” 

As amended in 1978, the ESA allows listing of "distinct population segments" of vertebrates as 
well as named species and subspecies.  The United States Fish and Wildlife Service (USFWS) 
and NMFS published a Policy Regarding the Recognition of Distinct Vertebrate Population 
Segments Under the Endangered Species Act (USFWS and NOAA 1996) to give guidance to 
distinguish DPSs. The policy identifies two elements in a decision regarding whether it is 
appropriate to identify separate DPSs: discreteness and significance of the population segment to 
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the species. A DPS may be considered discrete if it is markedly separate from other populations 
of the same taxon as a consequence of physical, physiological, ecological, or behavioral factors 
or if it is delimited by international governmental boundaries. If a population segment is 
considered discrete, it’s biological and ecological significance will be considered on the basis of 
considerations including, but not limited to its persistence, evidence that loss of the DPS would 
result in a significant gap in spatial structure, evidence of the DPS representing the only 
surviving natural occurrence of a taxon, or evidence that the DPS differs markedly in its genetic 
characteristics. If it is deemed appropriate to identify separate DPSs, the status of each DPS 
should be considered separately in relation to the standards for ESA. 

The "Extinction Risk" Question 

The ESA (section 3) defines the term "endangered species" as "any species which is in danger of 
extinction throughout all or a significant portion of its range." The term "threatened species" is 
defined as "any species which is likely to become an endangered species within the foreseeable 
future throughout all or a significant portion of its range." NMFS considers a variety of 
information in evaluating the level of risk faced by a species or DPS. Important considerations 
include 1) absolute numbers and their spatial and temporal distribution; 2) current abundance in 
relation to historical abundance and carrying capacity of the habitat; 3) any spatial and temporal 
trends in abundance; 4) natural and human-influenced factors that cause variability in survival 
and abundance; 5) possible threats to genetic integrity (e.g., artificial rearing); and 6) recent 
events (e.g., a drought or a change in management) that have predictable short-term 
consequences for abundance of the species. Additional risk factors, such as disease prevalence 
or changes in life history traits, may also be considered in evaluating risk to populations. The 
determination of whether a species as “in danger of extinction” or “likely to become an 
endangered species within the foreseeable future” should be made on the basis of “the best 
scientific and commercial information” available regarding its current status. 

“A significant portion of the species’ range” Issue 

The district court in EPIC et al. v. NMFS remanded NMFS’ 2003 listing determinations for the 
Northern and Southern Green Sturgeon DPSs for failing to analyze whether the DPSs are 
threatened in a significant portion of their range. However, interpreting what is meant by the 
statutory phrase “significant portion of its range” is difficult; the phrase is ambiguous and not 
defined in the statute, the legislative history, or in NMFS’ ESA implementing regulations. 
Neither the USFWS nor NMFS have provided policy guidance for the interpretation or 
implementation of the phrase in their ESA listing determinations. 

A number of courts have considered the meaning of the phrase, and most have found that the 
statutory language is ambiguous and that the Services (NMFS and USFWS) have discretion to 
interpret it (e.g., Defenders of Wildlife v. Norton, 258 F.3d 1136, 9th Cir. 2001; Southwestern 
Center for Biological Diversity v. Norton, LEXIS 13661, D.D.C. 2002; and EPIC et al. v. 
NMFS). The U.S. Ninth Circuit Court of Appeals’ (in Defenders of Wildlife v. Norton, 
concerning the USFWS’ listing determination for the flat-tail horned lizard) has applied a 
standard that a species may be at risk of extinction throughout a significant portion of its range if 
there are “major geographical areas in which it is no longer viable, but once was.” The district 
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court in EPIC et al. v. NMFS applied the 9th Circuit’s standard in its ruling that NMFS did not 
“assess whether the lost spawning habitats together constituted a major geographical area in 
which the green sturgeon once was viable, but is no longer.”  Other court rulings have similarly 
applied the 9th Circuit’s standard in the flat-tail horned lizard case (e.g., National Association of 
Homebuilders v. Norton, 340 F.3d. 835, 9th Cir. 2003; Defenders of Wildlife v. Norton, 239 F. 
Supp.2d 9, D.D.C. 2002).  Some court rulings addressing “significant portion of its range” also 
suggest that a geographic area may be a significant portion of the species’ range if it is important 
to its continued viability, for example, by containing a large amount of suitable, high-value 
habitat (e.g., EPIC et al. v NMFS; Southwestern Center for Biological Diversity v. Norton; 
Defenders of Wildlife v. Norton, Civ. 99-02072 HHK, D.D.C. 2001).  

The request of the Southwest and Northwest Fisheries Science Centers to update the status 
review for green sturgeon specifically asked that the BRT address the “significant portion of its 
range” issue. In addressing “significant portion of its range”, the BRT was encouraged to 
consider whether there are areas within an identified DPS that, if lost, would significantly impair 
the long-term viability of the DPS.  Such areas might include habitats where green sturgeon 
spawned historically, but no longer do so. 

In light of limited guidance provided and the considerable ambiguity concerning the phrase, the 
BRT had lengthy discussions to formalize what might constitute “a significant portion of the 
species’ range” for green sturgeon. The BRT concluded that a key consideration for evaluating 
what might constitute a significant portion of a green sturgeon DPS’ range is the impact that the 
loss of an area would have on the DPS’ spatial structure. The importance of spatial structure for 
green sturgeon is a natural consequence of the interaction between the species’ trait of returning 
to its natal stream for spawning and the patchy nature of these spawning habitats.  The level of 
reproductive exchange among green sturgeon spawning locations is unknown, but it is assumed 
that there is some degree of straying and reproductive exchange from one population to another, 
which decreases with distance between the populations. Otherwise, each population would have 
a unique genetic structure (and such genetic uniqueness is not evident in the most recent genetic 
information, see below). With the loss of a significant portion of a green sturgeon DPS’ range, 
the remaining populations would become more and more isolated. This would change the 
extinction risk of the overall DPS in ways that are not immediately apparent. Although some 
isolated populations may persist over the short term, poor spatial structure and connectivity 
among these populations present small population risks (e.g., genetic risks, demographic 
stochasticity, and catastrophic events) that may confer an increased level of risk to the viability 
of the DPS into the foreseeable future. Furthermore, the use of widespread spawning habitats 
reduces the risk of DPS extinction from catastrophic events, and reduction in this spatial 
diversity increases this risk. Finally, the BRT felt that uncertainty due to lack of knowledge of 
green sturgeon population dynamics necessitated a cautious approach to considering significant 
portion of its range. 
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RECENTLY UPDATED GREEN STURGEON INFORMATION
 

Genetic Information 

Updated analyses of green sturgeon genetic structure were made available from UC Davis (J. 
Israel and B. May pers. comm.). These results incorporated a greater number of samples 
including new adult samples from the Umpqua River, new juvenile samples from the Sacramento 
River, and an increase in microsatellite DNA loci to nine over the six reported in the previous 
status review and discussed in the Israel et al. (2004) article. 

Both Fst comparisons (Table 1) and unweighted pair group method with arithmetic mean 
(UPGMA) clustering (Figure 1) of green sturgeon samples demonstrate a strong division 
between a grouping of the Rogue, Klamath, and Umpqua rivers versus a grouping of the 
Sacramento and Columbia rivers and San Pablo Bay samples. The northern group included 
mixed stock green sturgeon samples from the Umpqua River as well as single stock samples 
from the Rogue and Klamath rivers and the southern group included mixed-stock samples from 
the Columbia River, samples from San Pablo Bay that may be either mixed or single stock, and 
single stock samples from the Sacramento River.  Israel et al. (2004) suggested that the grouping 
of Sacramento and Columbia rivers could result from learned migratory behavior, but the BRT 
considered other explanations such as sampling artifacts or incomplete identification of 
diagnostic loci equally likely. Within those two major genetic cluster groups, there was as much 
interannual separation as separation across rivers. The reasons for this are unclear, but it 
probably highlights the difficult of collecting a representative sample of these fishes.  The BRT 
reiterates its suggestion for a genetic analysis based on outmigrating juveniles from the single 
stock systems (Adams et al. 2002). 

Oceanic Distribution and Behavior 

Archival Tagging 

Seven green sturgeon from the Rogue River were tagged with pop-off archival tags (PATs) 
during the fall of 2001 and 2002 (Erickson and Hightower 2004). These tagged green sturgeon 
made long migrations after they returned to the ocean, traveling from 221 to 968 km before the 
tags released. All tagged sturgeon traveled in a northward direction. Pop-off locations ranged 
from the central Oregon coast to northwest Vancouver Island, Canada. During these migrations, 
these green sturgeon were more active at night than during the day and occasionally made rapid 
ascents to the surface. They occupied depths of 40-70 m and all of the pop-off locations were 
inside the 110 m contour. 

Logbook Analysis 

Oregon bottom trawl logbook records showed that green sturgeon were captured almost 
exclusively inside of the 110 m contour and had areas of concentration near major ports (Figure 
2, from Erickson and Hightower 2004). Logbook data needs to be interpreted cautiously since 
the observations are not adjusted for effort. This and other reasons for caution are fully 
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discussed by the authors. However the concentration around major ports may have a biological 
cause since many ports are at the mouth of a major river. The capture of green sturgeon inside of 
the 110 m contour suggests a shallow distribution as most bottom trawling takes place in waters 
that are deeper. Bottom trawl catches were also concentrated near major ports, which may be the 
result of increased effort there, but two of the PAT tags were also released in these areas. 

Acoustic Tagging 

Studies have been initiated using acoustic tags to investigate green sturgeon migration (S. 
Lindley and M. Moser pers. comm.). One hundred and sixty-eight green sturgeon were tagged in 
both spawning areas (Rogue and Klamath rivers and San Pablo Bay) and mixed stock areas 
(Columbia River and Willapa Bay) in 2002, 2003, and 2004. Receivers were located on the 
Sacramento, Klamath, Rogue, and Umpqua rivers, Willapa Bay, Cape Elizabeth, Strait of Juan 
de Fuca, and northern Vancouver Island. To date, the tagging has documented movement of 
green sturgeon from all spawning areas to Willapa Bay. Surprisingly, the receiver array off the 
Brooks Peninsula of northern Vancouver Island detected 41 of the sturgeon tagged in 2003, with 
a number of fish taking up residence in the vicinity of one of the receivers for several weeks.  
Sustained migrations of 100 km day-1 have been documented. Several sturgeon tagged in 2002 
have returned to the Rogue River in 2004, raising the possibility of two-year spawning 
periodicity. 

Freshwater Distribution Information 

New information about green sturgeon freshwater distribution has been made available from the 
Chehalis, Umpqua, Rogue, Eel, Sacramento, Feather, and San Joaquin rivers. Much of these 
data are from personal communications and as such are not comprehensive.  These are useful for 
establishing presence, but the lack of such information should not be interpreted as evidence that 
green sturgeon do not use the area. 

Washington Department of Fish and Wildlife investigated the Chehalis River as green sturgeon 
habitat and while it appears to possess suitable spawning habitat, there has not been evidence of 
actual spawning occurring in this basin (WDFW 2004). Data summarized from catch record 
cards suggest that a few green sturgeon were caught in sport fisheries as far upriver as 60 
kilometers during July 2002, March 2003, and December 2003, but these may be 
misidentifications. Sport anglers have reported small green sturgeon in Greys Harbor; however, 
these fish were most likely of a post-migratory size and therefore were not 1 - 3 year old fish 
rearing in the estuary. Eggs and larvae from green sturgeon have not been observed in the 
Chehalis River or Greys Harbor. 

A presumed juvenile green sturgeon was captured at Big Butte Creek (rkm 254) near Lost Creek 
Dam on the Rogue River (R. Reisenbichler pers. comm.). This is surprising because it is very 
high in the system and above two major dams with fish ladders (Savage Rapids and Gold Ray) 
and several smaller dams. 
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There are two confirmed records of green sturgeon captured above tidal influence in the Umpqua 
River (T. Rien pers. comm.). In July 2000, two juvenile green sturgeon (each approximately 10
cm long) were regurgitated from two smallmouth bass caught at river kilometer 134 on the 
Umpqua River. Oregon Department of Fish and Wildlife (ODFW) interviewed the local angling 
guide and the one available regurgitated fish was positively identified as a green sturgeon. The 
other regurgitated sturgeon was not available to examine.  In April 1979, a 1.8 m green sturgeon 
was caught at rkm 164 on the Umpqua River. A picture of the fish was published in the 
Roseburg News Review (May 3, 1979) and it was visually identified as a green sturgeon by 
ODFW. ODFW has sampled the Umpqua River in 2002, 2003, and 2004 using gill nets, beach 
seines, snorkeling, and underwater video and their sampling efforts did not detect any green 
sturgeon above tidal influence in the Umpqua River. 

Adult green sturgeon were sighted on the mainstem Eel River near Fort Seward (rkm 101) during 
snorkel surveys in 1995 and 1996 (S. Downie pers. comm.). Three sturgeon were sighted each 
year at a place locally known as “The Sturgeon Hole”. Two juvenile green sturgeon were 
captured in the Eel River Estuary in 1994 by trawl (S. Cannata pers. comm.).  The first one was 
282 mm FL and the second was 510 mm. This is in addition to the previously reported capture 
of 26 juvenile green sturgeon near Fort Seward in 1967 and 1968 (Pluckett 1976). 

Recent habitat evaluations conducted in the upper Sacramento River for salmonid recovery 
planning suggests that significant potential green sturgeon spawning habitat was made 
inaccessible or altered by dams (historical habitat characteristics, temperature, and geology 
summarized in Lindley et al. 2004). This spawning habitat may have extended up into the three 
major branches of the Sacramento River; the Little Sacramento River, the Pitt River system, and 
the McCloud River. 

Green and white sturgeon adults have been observed periodically in small numbers in the Feather 
River (Beamesderfer et al. 2004). There are at least two confirmed records of adult green 
sturgeon. There are no records of larval or juvenile sturgeon of either species, even prior to the 
1960’s when Oroville Dam was built.  There are reports that green sturgeon may reproduce in 
the Feather River during high flow years (CDFG 2002), but these are not specific and are 
unconfirmed. Salmonid recovery habitat evaluations are also available for the Feather River. 

No green sturgeon has ever been documented in the San Joaquin River or its tributaries (CDFG 
2002, Beamesderfer et al. 2004). Small numbers of adult sturgeon occur in the San Joaquin 
River, but all identified to date have been white sturgeon. Small fisheries for sturgeon occur in 
spring between Mossdale and the Merced River (Kohlhorst 1976). Two unidentified juvenile 
sturgeon caught at Woodbridge on the Mokelumne River (rkm 63) in 2003 are the first 
confirmation of sturgeon reproduction in the San Joaquin River system (Beamesderfer et al. 
2004). The San Joaquin River and its tributaries have been heavily modified in ways that reduce 
suitability for sturgeon since the 1940’s, so the lack of contemporary information can not be 
considered evidence of historical green sturgeon absence. 
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Catch Information 

As noted in the previous status review, the coastwide harvest of green sturgeon has continued to 
be reduced over time (Table 2). Based on updated and corrected catch numbers, green sturgeon 
catch has deceased from a high of 9,065 in 1986 to 862 in 2001, the last year in the previous 
status review, to 512 in 2003. The greatest decreases in harvest were for the commercial gears in 
the Columbia River, Willapa Bay, and Greys Harbor. This decrease has occurred due to 
regulatory changes summarized in Adams et al. (2002), Appendix 1 Table 2. Yurok and Hoopa 
tribal harvest has remained constant; it accounted for 59% of the total green sturgeon catch in 
2003. 

THE “SPECIES” QUESTION 

Previous Species and DPS Determinations 

The previous status review recognized North American green sturgeon as a species under the 
ESA. It also recognized the North American species, A. medirostris, as a separate species from 
the western Pacific Tumnin River population, A. mikadoi. The distinction is based on a lower 
chromosome number in A. medirostris (Birstein et al. 1993), even thought there appears to be no 
difference in meristic or morphometric characters (North et al. 2002). 

The previous status review also concluded that green sturgeon have at least two DPSs; a 
Northern DPS extending north from and including the Eel River and a Southern DPS beginning 
south of the Eel River. The only known population in the southern DPS is in the upper 
Sacramento River. This decision was based on: 1) sturgeons generally show fidelity to their 
spawning sites so they would have a general pattern of multiple DPSs (Bemis and Kynard 1997), 
and 2) preliminary genetic evidence indicating that there are differences at least between the 
Klamath and San Pablo Bay populations. This meets the requirement for both discreteness and 
significance in the DPS policy (USFWS and NOAA 1996). The BRT commented that the 
available evidence did not exclude the possibility that there were additional DPS(s) that are as 
yet unidentified. 

Discussions and Conclusions for DPS Determinations 

The BRT discussed the updated genetic analyses and concluded that the new information further 
supported their previous conclusion that there are at least a Northern and a Southern DPS.  This 
is particularly apparent in the green sturgeon dendrogram provided by Israel and May (Figure 1, 
pers. comm.). The split between the group of the Rogue, Klamath, and Umpqua samples and the 
group of the Sacramento (juveniles) River, San Pablo Bay, and Columbia River samples was 
made in 100% of the bootstrap runs (Figure 1). The FST values also show the strong division 
between the two groups (Table 1). 

The Northern DPS is made up of known green sturgeon spawning (or single stock) populations 
in the Rogue, Klamath, and Eel rivers (Figure 3). The populations in the larger spawning 
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populations of the Rogue and Klamath rivers were considered members of the Northern DPS due 
to their level of genetic similarity.  The Eel River Population was included in the Northern DPS 
based on an isolation-by- distance argument.  The argument is essentially that in a species with 
spawning fidelity, a population is more likely to be similar to a closer population than a further 
one. The Umpqua mixed-stock population showed close genetic similarity to the Rogue and 
Klamath populations. 

The Southern DPS currently has only has single spawning population in the Sacramento River 
(Figure 3). Whether green sturgeon historically spawned in the Feather and San Joaquin rivers is 
less clear. CDFG (2002) considers the Feather River to be “the most likely loss of spawning 
habitat [of green sturgeon in the Central Valley]”. CDFG suggests that Oroville Dam blocks 
access to potential spawning habitat and that Thermalito Afterbay warm water releases may 
increase temperatures to levels that are undesirable for spawning and incubation. Green sturgeon 
continue to be occasionally sighted in the Feather River (Beamesderfer et al. 2004) and green 
sturgeon are thought to enter the Bear River (a lower Feather River tributary) during the spring 
of most wet years (USFWS 1995b). Salmonid habitat evaluations also suggest spawning habitat 
above Oroville Dam. No green sturgeon spawning, eggs, larvae, or juveniles have ever been 
documented in the Feather River (Beamesderfer et al. 2004). The issue of green sturgeon 
spawning in the San Joaquin River is even more obscure. No green sturgeon has ever been 
documented in the San Joaquin River, although two adult green sturgeon have been captured in 
the Delta (Adams et al. 2002). Moyle et al. (1992) suggested that green sturgeon spawn in the 
San Joaquin River apparently based on the presence of green sturgeon in the Delta. White 
sturgeon occur the San Joaquin River based on the Kohlhorst (1976) observation that anglers 
often catch white sturgeon in later winter and early spring and Beamesderfer et al. (2004) 
reported the catch of two unidentified sturgeon juveniles in the Mokelumne River, the first 
documentation of any sturgeon reproduction within the Central Valley outside of the Sacramento 
River. 

THE EXTINCTION RISK QUESTION 

Species Wide Threats 

Ocean and estuarine green sturgeon harvest was considered a species wide threat since its impact 
could not be apportioned to one DPS or the other (except for the Yurok and Hoopa in-river 
catches in the Klamath River) (Table 2). Even catches in San Pablo Bay could be fish that 
originated in the Northern DPS. Harvest impact would be very different if there were 
disproportionately high harvest of only one DPS. Current total harvest has been reduced to 6% 
of its 1986 high value of 9065 fish. The recent reduction is due to newly imposed fishing 
regulations in Oregon and Washington. Commercial fisheries targeting sturgeon have not been 
allowed in the Columbia River or Willapa Bay since 2001 (WDFW 2004). Yurok and Hoopa 
tribal catch has remained relatively constant during the entire time series. The decrease in catch 
due to changes in regulations represents a reduction in risk to green sturgeon. 
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The Northern Green Sturgeon DPS 

Previous Risk Determination 

In the previous status review, a majority of the BRT concluded that there is not sufficient 
information that shows green sturgeon in this DPS are in danger of extinction or would be likely 
to become so in the foreseeable future, while a minority of the BRT concluded that green 
sturgeon in this DPS are not currently in danger of extinction but are likely to become so in the 
foreseeable future.  The BRT judged the Klamath River Yurok catch data to be the most 
representative available population measure since the data were based on spawning fish rather 
than on fish involved in their summer concentration behavior. Both catch and CPUE did not 
have a negative slope, but trends for both were also not statistically significant. The length data 
did not indicate that large fish were decreasing within the population, but sample sizes were very 
small. The BRT felt that green sturgeon in this DPS faced significant threats to their population 
and were concerned about the lack of data and its impact on their ability to make an informed 
decision. 

Sources, Severity, and Geographic Scope of Threats 

The BRT identified known threats to green sturgeon in the Northern DPS by river (Table 3).  The 
BRT used three categories to identify spawning rivers in the threat table: known spawning, 
suspected spawning, and no evidence. Known spawning indicates that some evidence of 
spawning is available, usually the presence of juveniles.  Suspected spawning indicates that the 
BRT has strong reason to believe that spawning is occurring, usually the presence of adults in 
freshwater areas above tidal influence. No evidence indicates that there are no records or 
information available.  This category does not automatically imply that no spawning is taking 
place since there are very few sampling efforts that would detect green sturgeon. The BRT 
evaluated their ability to rank these threats, but concluded that this was not possible due to the 
lack of information about their impact on green sturgeon. The principal threats in this DPS are 
water diversions and the associated impacts of reduced flows, changed flow regime, increased 
temperatures, and reduced oxygen concentrations.  Other major impacts result from land use 
practices that can lead to increased sedimentation. This DPS also has the only major in-river 
harvest of green sturgeon (Yurok and Hoopa tribal harvest in the Klamath-Trinity River system). 

Discussions and Conclusions 

The Northern DPS risk assessment was conducted two years ago and there is little new 
information. It has two known spawning populations, one in the Klamath-Trinity River system 
and one in the Rogue River, which spreads the risk over more than one spawning area.  In 
addition, the two systems are not geographically close and thus do not share the same risks due 
to catastrophic events. Spawning appears to occur infrequently in the Umpqua River. This gives 
the Northern DPS some additional protection. 

Several northern river systems that are not thought to support spawning currently, but may have 
in the past, were discussed at length by the BRT. BRT opinion ranged from the position that it 
was unlikely that these systems ever supported significant spawning to the position that we have 
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no way of knowing whether they were major spawning areas. The Fraser River in Canada 
currently has a catch and release fishery for sturgeon, but the number of green sturgeon captured 
is extremely small. A tagging study in 1992-1993 tagged 2300 sturgeon and only one was a 
green sturgeon (D. Lane pers. comm.). Green sturgeon occur off the West Coast of Vancouver 
Island where there are taken in the trawl fishery. These fish are thought to be from spawning 
areas in the United States and this idea is supported by the recent acoustic and PAT tagging.  
WDFW has investigated the possibility of green sturgeon spawning in the Chehalis River as it 
appears to provide adequate potential spawning habitat. Currently, there are low levels of adult 
harvest in Greys Harbor (into which the Chehalis River drains), but no evidence of actual 
spawning activities has been found (WDFW 2004). 

Spawning does appear to take place in the Umpqua River, but is probably rare. Juvenile green 
sturgeon were identified in the system in 2000.  Spawning in the Umpqua River apparently is not 
common since substantial sampling efforts in 2002, 2003, and 2004 failed to find any evidence 
of green sturgeon spawning. 

The extent of green sturgeon spawning in the Rogue River has only been recently understood.  
The river is less manipulated and habitat seems to be of better quality than in other green 
sturgeon spawning rivers. Blockages to migration do not seem to be limiting and habitat seems 
to be roughly what it was historically.  Other anadromous salmonid fishes are generally doing 
well in the Rogue River (Weitkamp et al. 1995, Busby et al. 1996, Myers et al. 1998). 

The Klamath River has the largest green sturgeon spawning population. Spawning still occurs 
upstream to the historical limit of its habitat range (Ishi Pishi Falls). Out-migrant juvenile green 
sturgeon are captured each year in screw traps at Big Bar (Schieff et al. 2001). The BRT 
expressed concerns about the temperature regime in the Klamath River, an issue that has been 
highlighted by recent fish kills. Yurok tribal harvest now accounts for the majority of total 
coastwide harvest. There is no new information regarding abundance trends since the last status 
review (Adams et al. 2002). As discussed in the previous status review, the trends in numbers 
and size are difficult to interpret, but do not raise obvious signs of population decline. 

The Trinity River has less data than the Klamath. The Hoopa Tribe has a small in-river fishery 
which takes less than 30 adult green sturgeon each year (Table 2).  Juvenile out-migrant green 
sturgeon are captured in most years in small numbers at Willow Creek (Schieff et al. 2001). The 
BRT was not convinced that green sturgeon were extirpated from the South Fork of the Trinity 
River by the 1964 flood as suggested by Moyle (2002). 

The Eel River is the southern most known spawning area in the Northern DPS. Moyle et al. 
(1992) suggested that green sturgeon were lost from the Eel River following the 1964 flood.  
This event along with the 1955 flood and combined with land use practices brought large 
amounts of sediment into the Eel River, and this high sediment level is present today. Some 
portion of the deep holes that green sturgeon use during spawning were filled in by these events, 
but the extent is unknown. The BRT was not convinced that green sturgeon were extirpated 
from the Eel River because of sightings of adults in both 1995 and 1996 and juveniles in the 
estuary in 1994. The adult surveys were only conducted in those years and the estuary surveys 
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were only conducted in one other year. Nevertheless, the BRT concluded that green sturgeon 
populations in the Eel River are severely reduced. 

The BRT concluded that green sturgeon in the Northern DPS were not in danger of extinction 
now or likely to become endangered in the foreseeable future throughout all of its range. A 
majority of the likelihood votes were placed in not being in danger of extinction now or in the 
foreseeable future category while a minority of the votes were placed in likely to become 
endangered in the foreseeable future category, and a single vote was placed for in danger of 
extinction. It should be noted that every BRT member placed at least three votes for likely to 
become endangered in the foreseeable future category.  This indicates the uncertainty associated 
with making informed decisions with the available data and the potential for change in the levels 
of risk assessment as more data becomes available. The majority of the BRT felt that the 
inclusion of two significant spawning rivers in the DPS, the continued reduction in green 
sturgeon catch, and improvement in data from the Rogue River were encouraging information. 
A minority felt that there was too much uncertainty in the green sturgeon data and their status 
may be much worse than we currently understand. The BRT was not convinced that green 
sturgeon populations were extirpated from the South Fork of the Trinity or the Eel rivers. but 
concluded that these systems by themselves did not represent a significant portion of the species’ 
range. The entire BRT felt that the green sturgeon populations in this DPS faced serious 
potential threats that are particularly worrisome given the lack of data to adequately monitor 
population status.  The BRT reiterated their previous comment that the Northern DPS should be 
placed on the Species of Concern list, that their status be reviewed at least every five years, and 
that population status monitoring should be implemented. 

“Significant portion of its range” discussions are difficult for this DPS because of the lack of 
historical data about green sturgeon spawning areas. All BRT members felt that historical 
spawning areas had been larger than they are now, but with no historical data describing 
spawning areas, there was a range of thought about how much larger. Whether the Eel or 
Umpqua rivers had supported significant spawning populations was unresolved. The BRT was 
unable to come to consensus on what should be considered “a significant portion” for this DPS, 
except that the Eel River was discussed specifically and it was concluded that it would not be 
considered a significant portion based on what little is known about historical occurrence of 
green sturgeon in this drainage. 

The Southern Green Sturgeon DPS 

Previous Risk Determination 

In the previous status review, the BRT had mixed conclusions on whether there was sufficient 
information that shows green sturgeon in this DPS were not in danger of extinction or would be 
likely to become endangered in the foreseeable future. Every BRT member placed at least four 
likelihood votes for likely to become endangered in the foreseeable future category. The BRT 
felt that the single green sturgeon population in this DPS faced an even larger number of 
potential threats than the Northern DPS including vulnerability due to concentration of 
spawning, smaller population size, lack of population data, potentially growth-limiting and lethal 
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temperatures, harvest concerns, loss of spawning habitat, entrainment by water projects, and 
influence of toxic material and exotic species. In the Southern DPS, spawning appears to be 
concentrated in the upper portion of the Sacramento River that is still accessible to anadromous 
fish. Catastrophic events have occurred in this DPS, such as the large-scale Cantara herbicide 
spill which killed all fish in a ten-mile stretch of river upstream from Shasta Dam and the 1977
78 drought that caused year-class failure of winter-run chinook salmon.  Population sizes are 
unknown in this DPS, but are clearly much smaller than in the northern one and therefore the 
DPS is much more susceptible to catastrophic events. Recent numbers of green sturgeon 
juveniles documented during salvage operations at state and federal facilities in the Sacramento 
River Delta remain low compared to levels in the mid-1970’s (state facility) and mid-1980’s 
(federal facility). The San Pablo Bay green sturgeon population estimates have limited 
usefulness due to be based on summer concentrations and because tag recovery effort used in the 
estimate is unknown. However, the time series of estimates has a non-negative trend and the last 
estimate (2001) was over four times higher than the next highest estimate.  

Sources, Severity, and Geographic Scope of Threats 

The BRT identified known threats to green sturgeon in the Southern DPS (Table 4). The BRT 
evaluated their ability to rank these threats, but concluded that this was not possible due the lack 
of information about their impact on green sturgeon. The principal threat to this DPS comes 
from the reduction of green sturgeon spawning area to a single population in the Sacramento 
River. The Sacramento River has impassible barriers blocking green sturgeon access to what 
were almost certainly historical spawning grounds upstream from Shasta and Keswick dams 
constructed in the 1940’s and 50’s (USFWS 1995b). The same is also true for Feather River and 
Oroville Dam (USFWS 1995b), completed in 1968. In addition, there are also other migration 
barriers such as Red Bluff Diversion Dam (RBDD) and Anderson-Cottonwood Irrigation District 
Dam that don’t complete block migrations or only block them seasonally.  The Sacramento River 
now has both reduced and controlled flow (USFWS 1995b). CDFG (1992) and USFWS (1995b) 
found a strong correlation between mean daily temperature and white sturgeon year-class 
strength. Similar relationships may exist for green sturgeon.  High temperatures no longer seem 
to be the problem that they once were with the installation of the Shasta Dam temperature control 
device in 1997, although Shasta Dam has a limited storage capacity and cold water reserves 
could be depleted in long droughts.  Temperatures at RBDD have not been higher than 160 C 
since 1995 (California Data Exchange Center) that is near green sturgeon egg and larvae 
optimum of 150 to 190 C (Mayfield and Cech 2004). However, green sturgeon reproduction 
before 1995 may well have been adversely affected by temperature and these earlier high 
temperatures may have caused population reductions that would still affect the overall population 
size and age-structure.  The previous status review (Adams et al. 2002) summarized juvenile 
entrainment and change in annual mean number over time. For the state facility (1968-2001), 
the average number of green sturgeon taken per year prior to 1986 was 732; while from 1986 on, 
the average number was 47. For the federal facility (1980-2001), the average number prior to 
1986 was 889; while from 1986 on, the average was 32. There is no apparent reason for the 
large reduction in numbers. These entrainment estimates suffer from problems of species 
identification (green sturgeon where not identified until 1981 at the federal facility), and the 
estimates are expanded catches from brief sampling periods (CDFG 2002). Exotic species are an 
ongoing problem in the Sacramento-San Joaquin River and Delta systems (CDFG 2002).  
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Probably, the largest problems with exotic species are concerns about the replacement of food 
items (the exotic bivalve Potamocorbula amurensis, introduced in 1988, has become the most 
common food of white sturgeon and was found in the only green sturgeon so far examined 
(CDFG 2002).  The overbite clam is known to bioaccumulate selenium, a toxic metal (CDFG 
2002, Linville et al. 2004]. Green sturgeon may also experience predation by introduced species 
including striped bass. Sturgeon have high vulnerability to fisheries and the trophy status of 
large white sturgeon makes these fishes a high priority for enforcement to protect against 
poaching (CDFG 2002). Green sturgeon are caught incidentally in these white sturgeon 
fisheries. Pollution within the Sacramento River increased substantially in the mid-1970s when 
application of rice pesticides increased (USFWS 1995b). Estimated toxic concentrations for the 
Sacramento River during 1970-1988 may have deleteriously affected striped bass larvae (Bailey 
1994). White sturgeon may also accumulate PCB and selenium (White et al. 1989), substances 
know to be detrimental to embryonic development. While green sturgeon spend more time in the 
marine environment than white sturgeon and therefore may have decreased exposure, the BRT 
concluded that some degree of risk probably also occurs for green sturgeon.  

Discussion and Conclusions 

The Sacramento River contains the only known green sturgeon spawning population in this DPS. 
There are no updated population trends data since the last status review.  The BRT concluded 
that was almost certainly a substantial loss of spawning habitat behind Keswick and Shasta dams 
(USFWS 1995b, historical habitat data summarized in Lindley et al. 2004). Green sturgeon 
occur up to the impassible barrier at Keswick Dam (USFWS 1995b).  It is unlikely that green 
sturgeon reproduced in their current spawning area under the historical temperature regime that 
occurred before the construction of Shasta and Keswick dams. At the present, water 
temperatures in the current spawning area are lower due to releases from Shasta Dam.  Green 
sturgeon almost certainly spawned further up the mainstem that they do now. The BRT 
considers it possible that the additional habitat behind Shasta Dam in the Pitt, McCloud, and 
Little Sacramento systems would have supported separate populations or at least, a single larger 
population less vulnerable to catastrophes than one confined to a single mainstem, but were 
unable to be specific due to the paucity of historical information. The BRT expressed concern 
about the habitat limitation and potential threats that green sturgeon faced in the Sacramento 
River and again expressed particular concern about the high numbers of juveniles entrained prior 
to 1986. 

The BRT concluded that a significant population of spawning green sturgeon no longer exists in 
the Feather River. A substantial amount of habitat in the Feather River was lost with the 
construction of Oroville Dam. CDFG (2002) concluded that the Feather River is the most likely 
loss of spawning habitat due to habitat blockage by Oroville Dam and from thermal barriers at 
the Thermaltio Afterbay facility. USFWS (1995b) stated that “Evidence also suggests that 
sturgeon reproduction occurs in both the Feather and Bear rivers.” in reference to white sturgeon.  
Again, the BRT assumed that a similar conclusion could be made for green sturgeon in the face 
of the paucity of data. Sturgeon (including some documented green sturgeon) still regularly 
occur in the Bear and Yuba rivers (CDFG 2002, Beamesderfer et al. 2004) and therefore must 
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migrate through the Feather River. Threats to green sturgeon are similar to those faced in the 
Sacramento River. 

The BRT concluded that there was not sufficient information to establish whether the San 
Joaquin River system had supported a viable green sturgeon population.  There is no evidence of 
green sturgeon occurrence or spawning in the San Joaquin River (Beamesderfer et al. 2004, 
Adams et al. 2002, CDFG 2002). White sturgeon do occur in the San Joaquin River system, 
particularly in wet years (CDFG 2002) and the first record of white sturgeon spawning in San 
Joaquin system was made in 2003 (Beamesderfer et al. 2004). Moyle (2002) suggests that green 
sturgeon reproduction may have taken place in the San Joaquin River because adult green 
sturgeon were captured at Santa Clara Shoal and Brannan Island Recreational Area in the Delta. 
The potential threats faced by green sturgeon if they occurred in the San Joaquin system would 
be similar in nature to those faced in the Sacramento River, but would probably be more 
extreme. 

The majority of the BRT concluded that the green sturgeon Southern DPS is likely to become 
endangered in the foreseeable future and only one member concluded that the Southern DPS is 
not danger of extinction or likely to become endangered in the foreseeable future.  The likelihood 
votes ranged from currently in danger of extinction to not in danger of extinction likely to 
become endangered in the foreseeable future throughout all its range to not in danger of 
extinction in the foreseeable future, again reflecting the uncertainty associated with the lack of 
green sturgeon data. The BRT felt that the blockage of green sturgeon spawning from what were 
certainly historic spawning areas above Shasta Dam (although it is unclear whether these were 
separate populations) and the accompanying decrease in spawning area with the loss of the 
Feather River spawning area make green sturgeon in the Southern DPS at risk of extinction in 
the foreseeable future. The majority of the BRT also felt that potential threats faced by green 
sturgeon in this DPS were substantially greater in the Southern DPS than in the northern one, and 
this made the concentration of spawning adults into the Sacramento River an even greater risk 
factor. 

Identifying what would constitute a “significant portion of the species’ range” would be even 
more difficult for this DPS because there is only one known spawning population. The BRT 
concluded that green sturgeon would have spawned above Shasta Dam and there may have been 
multiple historical populations in that area based on habitat characteristics (historical habitat 
evaluations summarized in Lindley et al. 2004). The BRT concluded that there was a more 
substantial probability of a historical spawning in the Feather River than was considered in the 
previous status review. There was, however, no consensus on how much more likely that was. 
Ultimately, the discussions on a significant portion were inconclusive due to lack of data and the 
habitat loss that the Southern DPS had already experienced. 
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Table 1. FST comparisons among green sturgeon samples.  The analyses are based on nine loci. 
Significant values are noted with an asterisk that represents a values less than 0.003, which were 
calculated using a Bonferroni correction for multiple comparisons after 1500 permutations (J. 
Israel and B. May pers. comm.). 

San Pablo 
Columbia Rogue Bay Sacramento Umpqua 

Klamath 0.055* 0.004* 0.049* 0.070* 0.002 
Columbia 0.060* 0.002* 0.009* 0.050* 

Rogue 0.052* 0.072* 0.002 
San Pablo Bay 0.002 0.044* 

Sacramento 0.065* 
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Table 2.  Harvest of green sturgeon (Numbers) from California, Oregon, and Washington from 1985 to 2003. See footnotes for data sources. 

California Oregonc Washingtond 

Klamathb Columbia Riverc Willapa Bay Greys Harbor 
Other 

Year SF Baya Yurok Hoopaf Sport Trawl Sport Comm. Comm. Sport Treatye Comm. Sport Treatye Trawl Treatye Total 
1985 Few 351 10 726 533 1600 1289 227 5 348 67 5156 
1986 Few 421 30 153 190 407 6000 925 1 626 3 142 167 9065 
1987 Few 171 20 170 124 228 4900 877 770 8 52 349 7669 
1988 Few 212 20 258 120 141 3300 1598 4 609 4 1 34 213 6514 
1989 Few 268 30 202 210 84 1700 461 4 870 12 2 133 91 4067 
1990 Few 242 20 157 143 86 2200 953 2 734 4 9 66 120 4736 
1991 Few 312 11 366 242 22 3190 957 0 1527 0 3 99 59 6788 
1992 Few 212 3 197 94 73 2160 1002 0 737 0 3 66 4 4551 
1993 Few 417 36 293 250 15 2220 290 32 542 112 3 37 20 4267 
1994 Few 293 6 160 154 132 240 268 13 6 17 25 22 5 1 1342 
1995 Few 131 6 78 29 21 390 78 8 374 96 7 3 65 1286 
1996 Few 119 8 210 182 63 610 129 24 137 70 132 1 7 1692 
1997 Few 306 16 158 400 41 1614 16 4 316 105 198 6 19 3199 
1998 Few 335 10 103 77 73 894 65 12 2 25 28 55 0 1692 
1999 Few 204 28 73 21 93 967 9 5 0 29 58 4 1491 
2000 Few 162 31 15 12 32 1224 224 5 0 38 50 3 1796 
2001 Few 268 10 NA 17 50 342 106 9 0 27 32 1 862 
2002 Few 273 5 NA 14 51 163 0 48 7 0 131 4 696 
2003 Few 287 16 NA 17 52 46 43 NA 2 NA 46 5 514 
2004 12 NA 

aCDFG 2002.
 
bUSFWS 1994, Hillemeier 2002, Kautsky 2004.
 
cFarr et al. 2002, Rien 2004.
 
dWDFW 2002a,b.
 
eFrank 2002.
 
fKautsky 2004
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Table 3. Historical and current spawning status of green sturgeon within the Northern 
Distinct Population Segment, including specific threats to river systems (but excluding 
ocean and estuarine harvest, which is considered as a coastwide threat). 

River System Historical 
Spawning 
Status 

Present 
Spawning 
Status 

Threats / Changes 

Fraser River No evidence No evidencea Availability of appropriate habitat 
and degradation or alterations to the 
habitatb 

Local Harvest 

Chehalis River No evidence No evidencec Local Harvest 

Umpqua River Known 
spawning 

Known 
spawningd 

Current harvest 

Rogue River Known 
spawning 

Known 
spawninge 

Current harvest 

Common to Savage Rapidse and 
known to occur to Lost Creek Damf 

Flow management and hydro 
effectsg 

Klamath River Known 
spawning 

Known 
spawningh 

Increased temperaturesi 

Reduced oxygen concentrationsj 

Flow regime changek 

In-river harvestl 

- Trinity River Known 
spawning 

Known 
spawningm 

Reduced flowsn 

See Klamath River Threats 
- SF 
Trinity 

Suspected 
spawningo 

Suspected 
spawningp 

1955 and 1964 floodsq 

See Klamath River Threats 

Eel River Known 
spawningr 

Suspected 
spawnings 

1955 and1964 floodst 

Flow management and water 
transfersu 

Sediment and TMDLv 
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Footnotes
 
a Fraser River green sturgeon are from U.S. spawning populations, but do occur as far north as the Skeena 

River (D. Lane, pers. comm.).

bHouston 1987.
 
cWDFW (2004) notes potential habitat, and has investigated but found no evidence of green sturgeon above 

tidewater.
 
d Two juvenile green sturgeon (each approximately 10-cm long) were regurgitated from two smallmouth bass 

caught at river kilometer 134 (fresh water) on the Umpqua River, in June 2000 (T. Rien, pers. comm..).
 
eErickson et al. (2002)
 
fR. Reisenbichler, pers. comm.
 
gODFW 2002.
 
hSpawning to Ishi Pishi Falls (Moyle 2002). Juveniles taken annually at Big Bend (Scheiff et al. 2001).

iIncreased summer temperatures due to lower flows (NRC 2004).

jOxygen concentration decreased due to flow and degradable organic material below Irongate Dam (NRC 

2004).

kShift in peak flows from April to March (NRC 2004).

ICatch Information and Table 2.
 
mSpawning to Greys Falls (Moyle 2002). Juveniles taken in most years at Willow Creek (Scheiff et al. 

2001).
 
nTrinity River flows reduced 88% (NRC 2004).
 
o1978 CDFG Letter (referenced in USFWS 1981, but not located).
 
pWillow Creek trap located down stream of S.F. Trinity confluence.
 
qMoyle et al. 1992.
 
rJuveniles sampled 1968 and 1969 (Plunkett 1976).
 
sAdults reported 1995 and 1996. S. Downey, pers. comm.
 
tHistoric reductions to chinook populations from which they never recovered (Moyle 2002).
 
uSummer flows are lower and decrease earlier than historical flows (NMFS 2002).
 
vLoss of habitat due to sedimentation from land use practices and large scale floods (NMFS 2002).
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Table 4. Historical and current spawning status of green sturgeon within the Southern 
Distinct Population Segment, including specific threats to river systems (but excluding 
ocean and estuarine harvest, which is considered as a coastwide threat). 

River System Historical 
Spawning 
Status 

Present 
Spawning 
Status 

Threats / Changes 

Sacramento 
River 

Known 
spawning 

Known 
spawninga 

Impassible barriers (Keswick and Shasta 
dams)b 

Adult migration barriersc 

Insufficient flowd 

Increased temperaturese 

Juvenile entrainmentf 

Exotic species (e.g., striped bass)g 

Poachingh 

Pesticides and heavy metalsi 

Local Harvest 
Feather River Suspected 

spawning 
No evidencej Impassible barriers (Oroville Dam)k 

See Sacramento River Threats 

San Joaquin 
River 

No evidencel No evidencem Impassible Barriers (Friant Dam)n 

Extreme low flowo 

See Sacramento River Threats 
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Notes
 
aJuvenile green sturgeon captured in most years at Glen Colusa Irrigation District and Red Bluff Diversion 

dams (Adams et al. 2002, Fig. 15).

bUFSWS 1995a
 
cOther barrier that are not impassible, RBBD and ACID (USFWS 1995b, CDFG 2002). Also, sturgeon 

attracted to stranding areas such as Yolo Bypass (J.McLain, pers. comm.).

dWhite sturgeon recruitment strength related to flow (CDFG 1992, USFWS 1995b).
 
eHigh water temperatures previous to winter-run chinook flow management (J. McLain, pers. comm.).
 
fGreen sturgeon (age-0 fish) impinged in State and Federal water export facilities in the Sacramento-San 

Joaquin Delta (Adams et al. 2002).
 
gReplacement of food items and possible predation by striped bass (CDFG 2002).

hTake associated with white sturgeon poaching (CDFG 2002).

iUrban, agricultural, and trace metal contamination (USFWS 1995b).

jCDFG (2002) suggests that the Feather River is likely lost spawning habitat due to occurrence of adults.  No 

juveniles or larvae have ever been observed in the Feather River.

kNo evidence of spawning but continued presence of green sturgeon in the Feather and Yuba rivers suggest 

that they are trying to migrate into presumed spawning areas now blocked by Oroville Dam.

lAdult presence documented in Delta (Adams et al. 2002). Evidence of white sturgeon spawning in San 

Joaquin (Beamesderfer et al. 2004). Accounts of unspecified sturgeon sport catch in San Joaquin River as far 

as the Merced River (Kohlhorst 1976).
 
mBeamesderfer et al. 2004.
 
nSan Joaquin River and tributaries block by dams (Yoshiyama et al. 2001).
 
oVernalis flows as low as 17% of minimum targets (J. McLain, pers. comm.).
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Figure 1. UPGMA dendrogram from green sturgeon samples was built using Nei’s 
unbiased minimum genetic distance. The distance between each collection was calculated 
by bootstrapping 1000 times and node support represented as a percentage of the trees 
which displayed similar topology (J. Israel and B. May pers. comm.). 
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Figure 2. Locations of bottom-trawl sets made during 2000 (circles) and bottom-trawl sets 
that caught green sturgeon during 1993 - 2000 (crosses) along the Oregon and Washington 
coasts (from Erickson and Hightower 2004). 
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Figure 3. Green Sturgeon Distribution and Distinct Population Segments. 
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	EXECTIVE SUMMARY. 
	The National Marine Fisheries Service’s (NMFS’s) Southwest and Northwest Fisheries Science Centers were requested to conduct an update of the Status Review for North American Green Sturgeon (Acipenser medirostris) (Adams et al. 2002). The request came as the result of a 2004 court ruling remanding to NMFS for further consideration the issue of whether green sturgeon are endangered or threatened in a “significant portion of the species’ range”. The Biological Review Team (BRT) was requested to include in its
	The BRT received new and updated green sturgeon information on genetic analyses, oceanic distribution and behavior, freshwater distribution, and catch data. New genetic analyses were available that included new adult samples from the Umpqua River, new juvenile samples from the upper Sacramento River, and additional adult samples from the Rogue and Klamath rivers. The new analyses used nine loci rather than the six used in previous studies.  The new genetic analyses showed a strong division between northern 
	The BRT considered both the green sturgeon DPS structure from the previous status review and the updated genetic analyses, and concluded that the new information further supported their previous conclusion that there are at least a Northern DPS and a Southern DPS. In the updated green sturgeon dendrogram, the split between the group of the Rogue, Klamath, and Umpqua populations and the group of the Sacramento River (juveniles), San Pablo Bay, and Columbia River populations occurred in 100% of the bootstrap 
	The BRT considered both the green sturgeon DPS structure from the previous status review and the updated genetic analyses, and concluded that the new information further supported their previous conclusion that there are at least a Northern DPS and a Southern DPS. In the updated green sturgeon dendrogram, the split between the group of the Rogue, Klamath, and Umpqua populations and the group of the Sacramento River (juveniles), San Pablo Bay, and Columbia River populations occurred in 100% of the bootstrap 
	single stock green sturgeon spawning populations in the Rogue, Klamath and Eel rivers.  The Southern DPS at present contains only a single spawning population in the Sacramento River. Recent habitat evaluations conducted in the upper Sacramento River for salmonid recovery planning have indicated that significant green sturgeon habitat was probably altered or made inaccessible by dam construction. The historical presence of green sturgeon spawning populations in the Feather and San Joaquin rivers are less cl

	The BRT concluded that the Northern Green Sturgeon DPS was not in danger of extinction now or likely to become endangered in the foreseeable future throughout all of its range. A majority of the likelihood votes were placed in the not being in danger of extinction now or likely to become so in the foreseeable future category while a minority of the votes were placed for becoming in danger of extinction in the foreseeable future category, and a single vote was placed in the in danger of extinction category. 
	All but one member of the BRT concluded that green sturgeon in the Southern DPS were likely to become endangered in the foreseeable future throughout all of its range, with the remaining member concluding that the DPS was not in danger of extinction or likely to become endangered within the foreseeable future throughout all of its range. The likelihood votes placed ranged from in danger of extinction to not in danger of extinction now or in the foreseeable future, again reflecting the uncertainty associated
	Since the BRT concluded that the Southern DPS was likely to become endangered in the foreseeable future throughout all of its range, the consideration of risk in a significant portion was rendered moot. Moreover the BRT felt that potential threats faced by green sturgeon in the Southern DPS were more serious than the threats faced in the northern one.  The concentration of spawning adults into the Sacramento River places the Southern DPS at an even greater risk level. The BRT compiled known threats to green
	INTRODUCTION. 
	Scope and Intent of the Status Review Update 
	Scope and Intent of the Status Review Update 

	On August 23, 2004, the Southwest and Northwest Regions requested that the Southwest and Northwest Fisheries Science Centers conduct an update of the Status Review for North American Green Sturgeon (Acipenser medirostris) (Adams et al. 2002). The request asked the Biological Review Team (BRT) to include in its consideration any new scientific or commercial information that may have come to light since the last status review and to include green sturgeon extinction risk for any “significant portion of the sp
	In addition, the BRT was asked to consider a number of questions in regard to the Distinct Population Segment (DPS) structure and risk status of green sturgeon. The first was to reconsider the green sturgeon’s DPS structure proposed in the previous status review in light of any new information. If a new DPS structure were warranted, what would the new DPS structure be? For each DPS, what is the risk of that DPS being in danger of extinction or likely to become so within the foreseeable future throughout all
	The National Marine Fisheries Service (NMFS) convened a second BRT to update the status of green sturgeon throughout its North American range. The green sturgeon BRT met on November 9 and 10, 2004 at Santa Cruz, California to review the best available information on green sturgeon DPS structure and the risk faced by each DPS under consideration, including any new information made available since the 2002 status review. The BRT included Dr. Peter Adams, Dr. Churchill Grimes, and Dr. Steven Lindley from NMFS,
	U. S. Geological Survey, North Carolina Cooperative Fish and Wildlife Research Unit, and Michael Parsley from U. S. Geological Survey, Western Fisheries Research Center, Columbia River Research Laboratory. 
	History of the Listing Status of Green Sturgeon 
	History of the Listing Status of Green Sturgeon 

	On June 12, 2001, NMFS received a petition from the Environmental Protection Information Center, the Center for Biological Diversity, and Waterkeepers Northern California requesting that NMFS list the green sturgeon as threatened or endangered under the ESA and that critical 
	On June 12, 2001, NMFS received a petition from the Environmental Protection Information Center, the Center for Biological Diversity, and Waterkeepers Northern California requesting that NMFS list the green sturgeon as threatened or endangered under the ESA and that critical 
	habitat be designated for the species concurrently with any listing determination.  On December 14, 2001, NMFS provided notice of its determination that the petition presented substantial information that a listing may be warranted and requested information to assist with a status review to determine if green sturgeon warranted listing under the ESA (NMFS 2001 66 FR 64793). To assist in the status review, NMFS formed a BRT comprised of scientists from the Northwest and Southwest Fisheries Science Centers an

	After conducting the status review, NMFS determined that green sturgeon population structure is comprised of (at least) two DPSs that qualify as species under the ESA: (1) a northern coastal DPS consisting of populations spawning in coastal watersheds northward of and including the Eel River; and (2) a southern DPS consisting of coastal or Central Valley populations spawning in watersheds south of the Eel River, with the only known extant population in the Sacramento River. 
	The BRT considered the following information to assess risk factors for each green sturgeon DPS: (1) abundance trends indicated by fisheries and survey data; (2) the effects of harvest and bycatch; (3) the possible loss of spawning habitat in, for example, the Eel, South Fork of the Trinity, and San Joaquin rivers; (4) concentration of spawning in the Klamath (Northern DPS) and Sacramento (Southern DPS) river systems; (5) lack of adequate population abundance data; 
	(6)
	(6)
	(6)
	 potentially lethal water temperatures and adverse effects by contaminants (Southern DPS); 

	(7)
	(7)
	 entrainment by water projects (Southern DPS); and (8) adverse effects by exotic species (Southern DPS). Based on this risk assessment, NMFS determined that neither DPS warranted listing as threatened or endangered (NMFS 2003 68 FR 4433). Uncertainties in the structure and status of both DPSs due to lack of data led NMFS to add them to its Species of Concern list (formerly the Candidate species list; NMFS 2004a. 69 FR 19975). Along with the finding, NMFS announced that it would reevaluate the status of gree


	On April 7, 2003, the Environmental Protection Information Center (EPIC) and other plaintiffs challenged NMFS’ not warranted finding. The U.S. District Court for the Northern District of California issued an order on March 2, 2004, which set aside NMFS’s not warranted finding and remanded the matter back to NMFS for redetermination of whether green sturgeon is in danger of extinction throughout all or a significant portion of its range, or is likely to become endangered within the foreseeable future through
	EPIC et al. v. NMFS

	must at least explain [its] conclusion that the area in which the species can no longer live is not a “significant portion of its range."  
	The Northern and Southern DPSs are now considered candidate species (DPSs that are the subject of a listing petition which NMFS has accepted and has initiated an ESA status review), as well as Species of Concern (see NMFS 2004a 69 FR 19975). NMFS reconvened the green sturgeon BRT to update the status review. NMFS published a Federal Register notice on June 18, 2004 soliciting information from the public to assist the agency in updating its status review and making a new listing determination (NMFS 2004b. 69
	Key Questions in ESA Evaluations 
	Key Questions in ESA Evaluations 

	In determining whether a listing under the ESA is warranted, two key questions must be addressed: 
	1) Is the entity in question a "species" as defined by the ESA?. 2) If so, is the "species" in danger of extinction or likely to become an endangered .species in the foreseeable future throughout all or a significant portion of its range? .
	These two questions are addressed in separate sections of this status review update. In addressing the second question, if it was determined that a green sturgeon DPS was not in danger of extinction or likely to become endangered within the foreseeable future throughout all of its range, the BRT held a discussion of what would constitute “a significant portion of a species’ range” for the green sturgeon DPS, and whether that significant portion was in danger of extinction or likely to become so within the f
	The "Species" Question 
	For the purpose of the ESA, a species is defined as 
	“any subspecies of wildlife or plants, or any distinct population segment of any species of vertebrate fish or wildlife which interbreeds when mature.” 
	As amended in 1978, the ESA allows listing of "distinct population segments" of vertebrates as well as named species and subspecies.  The United States Fish and Wildlife Service (USFWS) and NMFS published a Policy Regarding the Recognition of Distinct Vertebrate Population Segments Under the Endangered Species Act (USFWS and NOAA 1996) to give guidance to distinguish DPSs. The policy identifies two elements in a decision regarding whether it is appropriate to identify separate DPSs: discreteness and signifi
	As amended in 1978, the ESA allows listing of "distinct population segments" of vertebrates as well as named species and subspecies.  The United States Fish and Wildlife Service (USFWS) and NMFS published a Policy Regarding the Recognition of Distinct Vertebrate Population Segments Under the Endangered Species Act (USFWS and NOAA 1996) to give guidance to distinguish DPSs. The policy identifies two elements in a decision regarding whether it is appropriate to identify separate DPSs: discreteness and signifi
	the species. A DPS may be considered discrete if it is markedly separate from other populations of the same taxon as a consequence of physical, physiological, ecological, or behavioral factors or if it is delimited by international governmental boundaries. If a population segment is considered discrete, it’s biological and ecological significance will be considered on the basis of considerations including, but not limited to its persistence, evidence that loss of the DPS would result in a significant gap in

	The "Extinction Risk" Question 
	The ESA (section 3) defines the term "endangered species" as "any species which is in danger of extinction throughout all or a significant portion of its range." The term "threatened species" is defined as "any species which is likely to become an endangered species within the foreseeable future throughout all or a significant portion of its range." NMFS considers a variety of information in evaluating the level of risk faced by a species or DPS. Important considerations include 1) absolute numbers and thei
	“A significant portion of the species’ range” Issue 
	The district court in  remanded NMFS’ 2003 listing determinations for the Northern and Southern Green Sturgeon DPSs for failing to analyze whether the DPSs are threatened in a significant portion of their range. However, interpreting what is meant by the statutory phrase “significant portion of its range” is difficult; the phrase is ambiguous and not defined in the statute, the legislative history, or in NMFS’ ESA implementing regulations. Neither the USFWS nor NMFS have provided policy guidance for the int
	EPIC et al. v. NMFS

	A number of courts have considered the meaning of the phrase, and most have found that the statutory language is ambiguous and that the Services (NMFS and USFWS) have discretion to interpret it (e.g., , 258 F.3d 1136, 9 Cir. 2001; , LEXIS 13661, D.D.C. 2002; and ). The U.S. Ninth Circuit Court of Appeals’ (in , concerning the USFWS’ listing determination for the flat-tail horned lizard) has applied a standard that a species may be at risk of extinction throughout a significant portion of its range if there 
	A number of courts have considered the meaning of the phrase, and most have found that the statutory language is ambiguous and that the Services (NMFS and USFWS) have discretion to interpret it (e.g., , 258 F.3d 1136, 9 Cir. 2001; , LEXIS 13661, D.D.C. 2002; and ). The U.S. Ninth Circuit Court of Appeals’ (in , concerning the USFWS’ listing determination for the flat-tail horned lizard) has applied a standard that a species may be at risk of extinction throughout a significant portion of its range if there 
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	court in  applied the 9 Circuit’s standard in its ruling that NMFS did not “assess whether the lost spawning habitats together constituted a major geographical area in which the green sturgeon once was viable, but is no longer.”  Other court rulings have similarly applied the 9 Circuit’s standard in the flat-tail horned lizard case (e.g., , 340 F.3d. 835, 9 Cir. 2003; , 239 F. Supp.2d 9, D.D.C. 2002).  Some court rulings addressing “significant portion of its range” also suggest that a geographic area may b
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	The request of the Southwest and Northwest Fisheries Science Centers to update the status review for green sturgeon specifically asked that the BRT address the “significant portion of its range” issue. In addressing “significant portion of its range”, the BRT was encouraged to consider whether there are areas within an identified DPS that, if lost, would significantly impair the long-term viability of the DPS.  Such areas might include habitats where green sturgeon spawned historically, but no longer do so.
	In light of limited guidance provided and the considerable ambiguity concerning the phrase, the BRT had lengthy discussions to formalize what might constitute “a significant portion of the species’ range” for green sturgeon. The BRT concluded that a key consideration for evaluating what might constitute a significant portion of a green sturgeon DPS’ range is the impact that the loss of an area would have on the DPS’ spatial structure. The importance of spatial structure for green sturgeon is a natural conse
	RECENTLY UPDATED GREEN STURGEON INFORMATION. 
	Genetic Information 
	Genetic Information 

	Updated analyses of green sturgeon genetic structure were made available from UC Davis (J. Israel and B. May pers. comm.). These results incorporated a greater number of samples including new adult samples from the Umpqua River, new juvenile samples from the Sacramento River, and an increase in microsatellite DNA loci to nine over the six reported in the previous status review and discussed in the Israel et al. (2004) article. 
	Both Fst comparisons (Table 1) and unweighted pair group method with arithmetic mean (UPGMA) clustering (Figure 1) of green sturgeon samples demonstrate a strong division between a grouping of the Rogue, Klamath, and Umpqua rivers versus a grouping of the Sacramento and Columbia rivers and San Pablo Bay samples. The northern group included mixed stock green sturgeon samples from the Umpqua River as well as single stock samples from the Rogue and Klamath rivers and the southern group included mixed-stock sam
	Oceanic Distribution and Behavior 
	Oceanic Distribution and Behavior 

	Archival Tagging 
	Seven green sturgeon from the Rogue River were tagged with pop-off archival tags (PATs) during the fall of 2001 and 2002 (Erickson and Hightower 2004). These tagged green sturgeon made long migrations after they returned to the ocean, traveling from 221 to 968 km before the tags released. All tagged sturgeon traveled in a northward direction. Pop-off locations ranged from the central Oregon coast to northwest Vancouver Island, Canada. During these migrations, these green sturgeon were more active at night t
	Logbook Analysis 
	Oregon bottom trawl logbook records showed that green sturgeon were captured almost exclusively inside of the 110 m contour and had areas of concentration near major ports (Figure 2, from Erickson and Hightower 2004). Logbook data needs to be interpreted cautiously since the observations are not adjusted for effort. This and other reasons for caution are fully 
	Oregon bottom trawl logbook records showed that green sturgeon were captured almost exclusively inside of the 110 m contour and had areas of concentration near major ports (Figure 2, from Erickson and Hightower 2004). Logbook data needs to be interpreted cautiously since the observations are not adjusted for effort. This and other reasons for caution are fully 
	discussed by the authors. However the concentration around major ports may have a biological cause since many ports are at the mouth of a major river. The capture of green sturgeon inside of the 110 m contour suggests a shallow distribution as most bottom trawling takes place in waters that are deeper. Bottom trawl catches were also concentrated near major ports, which may be the result of increased effort there, but two of the PAT tags were also released in these areas. 

	Acoustic Tagging 
	Studies have been initiated using acoustic tags to investigate green sturgeon migration (S. Lindley and M. Moser pers. comm.). One hundred and sixty-eight green sturgeon were tagged in both spawning areas (Rogue and Klamath rivers and San Pablo Bay) and mixed stock areas (Columbia River and Willapa Bay) in 2002, 2003, and 2004. Receivers were located on the Sacramento, Klamath, Rogue, and Umpqua rivers, Willapa Bay, Cape Elizabeth, Strait of Juan de Fuca, and northern Vancouver Island. To date, the tagging 
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	Freshwater Distribution Information 
	Freshwater Distribution Information 

	New information about green sturgeon freshwater distribution has been made available from the Chehalis, Umpqua, Rogue, Eel, Sacramento, Feather, and San Joaquin rivers. Much of these data are from personal communications and as such are not comprehensive.  These are useful for establishing presence, but the lack of such information should not be interpreted as evidence that green sturgeon do not use the area. 
	Washington Department of Fish and Wildlife investigated the Chehalis River as green sturgeon habitat and while it appears to possess suitable spawning habitat, there has not been evidence of actual spawning occurring in this basin (WDFW 2004). Data summarized from catch record cards suggest that a few green sturgeon were caught in sport fisheries as far upriver as 60 kilometers during July 2002, March 2003, and December 2003, but these may be misidentifications. Sport anglers have reported small green sturg
	A presumed juvenile green sturgeon was captured at Big Butte Creek (rkm 254) near Lost Creek Dam on the Rogue River (R. Reisenbichler pers. comm.). This is surprising because it is very high in the system and above two major dams with fish ladders (Savage Rapids and Gold Ray) and several smaller dams. 
	There are two confirmed records of green sturgeon captured above tidal influence in the Umpqua River (T. Rien pers. comm.). In July 2000, two juvenile green sturgeon (each approximately 10cm long) were regurgitated from two smallmouth bass caught at river kilometer 134 on the Umpqua River. Oregon Department of Fish and Wildlife (ODFW) interviewed the local angling guide and the one available regurgitated fish was positively identified as a green sturgeon. The other regurgitated sturgeon was not available t
	Adult green sturgeon were sighted on the mainstem Eel River near Fort Seward (rkm 101) during snorkel surveys in 1995 and 1996 (S. Downie pers. comm.). Three sturgeon were sighted each year at a place locally known as “The Sturgeon Hole”. Two juvenile green sturgeon were captured in the Eel River Estuary in 1994 by trawl (S. Cannata pers. comm.).  The first one was 282 mm FL and the second was 510 mm. This is in addition to the previously reported capture of 26 juvenile green sturgeon near Fort Seward in 19
	Recent habitat evaluations conducted in the upper Sacramento River for salmonid recovery planning suggests that significant potential green sturgeon spawning habitat was made inaccessible or altered by dams (historical habitat characteristics, temperature, and geology summarized in Lindley et al. 2004). This spawning habitat may have extended up into the three major branches of the Sacramento River; the Little Sacramento River, the Pitt River system, and the McCloud River. 
	Green and white sturgeon adults have been observed periodically in small numbers in the Feather River (Beamesderfer et al. 2004). There are at least two confirmed records of adult green sturgeon. There are no records of larval or juvenile sturgeon of either species, even prior to the 1960’s when Oroville Dam was built.  There are reports that green sturgeon may reproduce in the Feather River during high flow years (CDFG 2002), but these are not specific and are unconfirmed. Salmonid recovery habitat evaluat
	No green sturgeon has ever been documented in the San Joaquin River or its tributaries (CDFG 2002, Beamesderfer et al. 2004). Small numbers of adult sturgeon occur in the San Joaquin River, but all identified to date have been white sturgeon. Small fisheries for sturgeon occur in spring between Mossdale and the Merced River (Kohlhorst 1976). Two unidentified juvenile sturgeon caught at Woodbridge on the Mokelumne River (rkm 63) in 2003 are the first confirmation of sturgeon reproduction in the San Joaquin R
	Catch Information 
	Catch Information 

	As noted in the previous status review, the coastwide harvest of green sturgeon has continued to be reduced over time (Table 2). Based on updated and corrected catch numbers, green sturgeon catch has deceased from a high of 9,065 in 1986 to 862 in 2001, the last year in the previous status review, to 512 in 2003. The greatest decreases in harvest were for the commercial gears in the Columbia River, Willapa Bay, and Greys Harbor. This decrease has occurred due to regulatory changes summarized in Adams et al.
	THE “SPECIES” QUESTION 
	Previous Species and DPS Determinations 
	Previous Species and DPS Determinations 

	The previous status review recognized North American green sturgeon as a species under the ESA. It also recognized the North American species, A. medirostris, as a separate species from the western Pacific Tumnin River population, A. mikadoi. The distinction is based on a lower chromosome number in A. medirostris (Birstein et al. 1993), even thought there appears to be no difference in meristic or morphometric characters (North et al. 2002). 
	The previous status review also concluded that green sturgeon have at least two DPSs; a Northern DPS extending north from and including the Eel River and a Southern DPS beginning south of the Eel River. The only known population in the southern DPS is in the upper Sacramento River. This decision was based on: 1) sturgeons generally show fidelity to their spawning sites so they would have a general pattern of multiple DPSs (Bemis and Kynard 1997), and 2) preliminary genetic evidence indicating that there are
	Discussions and Conclusions for DPS Determinations 
	Discussions and Conclusions for DPS Determinations 

	The BRT discussed the updated genetic analyses and concluded that the new information further supported their previous conclusion that there are at least a Northern and a Southern DPS.  This is particularly apparent in the green sturgeon dendrogram provided by Israel and May (Figure 1, pers. comm.). The split between the group of the Rogue, Klamath, and Umpqua samples and the group of the Sacramento (juveniles) River, San Pablo Bay, and Columbia River samples was made in 100% of the bootstrap runs (Figure 1
	The Northern DPS is made up of known green sturgeon spawning (or single stock) populations in the Rogue, Klamath, and Eel rivers (Figure 3). The populations in the larger spawning 
	The Northern DPS is made up of known green sturgeon spawning (or single stock) populations in the Rogue, Klamath, and Eel rivers (Figure 3). The populations in the larger spawning 
	populations of the Rogue and Klamath rivers were considered members of the Northern DPS due to their level of genetic similarity.  The Eel River Population was included in the Northern DPS based on an isolation-by- distance argument.  The argument is essentially that in a species with spawning fidelity, a population is more likely to be similar to a closer population than a further one. The Umpqua mixed-stock population showed close genetic similarity to the Rogue and Klamath populations. 

	The Southern DPS currently has only has single spawning population in the Sacramento River (Figure 3). Whether green sturgeon historically spawned in the Feather and San Joaquin rivers is less clear. CDFG (2002) considers the Feather River to be “the most likely loss of spawning habitat [of green sturgeon in the Central Valley]”. CDFG suggests that Oroville Dam blocks access to potential spawning habitat and that Thermalito Afterbay warm water releases may increase temperatures to levels that are undesirabl
	THE EXTINCTION RISK QUESTION 
	Species Wide Threats 
	Species Wide Threats 

	Ocean and estuarine green sturgeon harvest was considered a species wide threat since its impact could not be apportioned to one DPS or the other (except for the Yurok and Hoopa in-river catches in the Klamath River) (Table 2). Even catches in San Pablo Bay could be fish that originated in the Northern DPS. Harvest impact would be very different if there were disproportionately high harvest of only one DPS. Current total harvest has been reduced to 6% of its 1986 high value of 9065 fish. The recent reductio
	The Northern Green Sturgeon DPS 
	The Northern Green Sturgeon DPS 

	Previous Risk Determination 
	In the previous status review, a majority of the BRT concluded that there is not sufficient information that shows green sturgeon in this DPS are in danger of extinction or would be likely to become so in the foreseeable future, while a minority of the BRT concluded that green sturgeon in this DPS are not currently in danger of extinction but are likely to become so in the foreseeable future.  The BRT judged the Klamath River Yurok catch data to be the most representative available population measure since 
	Sources, Severity, and Geographic Scope of Threats 
	The BRT identified known threats to green sturgeon in the Northern DPS by river (Table 3).  The BRT used three categories to identify spawning rivers in the threat table: known spawning, suspected spawning, and no evidence. Known spawning indicates that some evidence of spawning is available, usually the presence of juveniles.  Suspected spawning indicates that the BRT has strong reason to believe that spawning is occurring, usually the presence of adults in freshwater areas above tidal influence. No eviden
	Discussions and Conclusions 
	The Northern DPS risk assessment was conducted two years ago and there is little new information. It has two known spawning populations, one in the Klamath-Trinity River system and one in the Rogue River, which spreads the risk over more than one spawning area.  In addition, the two systems are not geographically close and thus do not share the same risks due to catastrophic events. Spawning appears to occur infrequently in the Umpqua River. This gives the Northern DPS some additional protection. 
	Several northern river systems that are not thought to support spawning currently, but may have in the past, were discussed at length by the BRT. BRT opinion ranged from the position that it was unlikely that these systems ever supported significant spawning to the position that we have 
	Several northern river systems that are not thought to support spawning currently, but may have in the past, were discussed at length by the BRT. BRT opinion ranged from the position that it was unlikely that these systems ever supported significant spawning to the position that we have 
	no way of knowing whether they were major spawning areas. The Fraser River in Canada currently has a catch and release fishery for sturgeon, but the number of green sturgeon captured is extremely small. A tagging study in 1992-1993 tagged 2300 sturgeon and only one was a green sturgeon (D. Lane pers. comm.). Green sturgeon occur off the West Coast of Vancouver Island where there are taken in the trawl fishery. These fish are thought to be from spawning areas in the United States and this idea is supported b

	Spawning does appear to take place in the Umpqua River, but is probably rare. Juvenile green sturgeon were identified in the system in 2000.  Spawning in the Umpqua River apparently is not common since substantial sampling efforts in 2002, 2003, and 2004 failed to find any evidence of green sturgeon spawning. 
	The extent of green sturgeon spawning in the Rogue River has only been recently understood.  The river is less manipulated and habitat seems to be of better quality than in other green sturgeon spawning rivers. Blockages to migration do not seem to be limiting and habitat seems to be roughly what it was historically.  Other anadromous salmonid fishes are generally doing well in the Rogue River (Weitkamp et al. 1995, Busby et al. 1996, Myers et al. 1998). 
	The Klamath River has the largest green sturgeon spawning population. Spawning still occurs upstream to the historical limit of its habitat range (Ishi Pishi Falls). Out-migrant juvenile green sturgeon are captured each year in screw traps at Big Bar (Schieff et al. 2001). The BRT expressed concerns about the temperature regime in the Klamath River, an issue that has been highlighted by recent fish kills. Yurok tribal harvest now accounts for the majority of total coastwide harvest. There is no new informat
	The Trinity River has less data than the Klamath. The Hoopa Tribe has a small in-river fishery which takes less than 30 adult green sturgeon each year (Table 2).  Juvenile out-migrant green sturgeon are captured in most years in small numbers at Willow Creek (Schieff et al. 2001). The BRT was not convinced that green sturgeon were extirpated from the South Fork of the Trinity River by the 1964 flood as suggested by Moyle (2002). 
	The Eel River is the southern most known spawning area in the Northern DPS. Moyle et al. (1992) suggested that green sturgeon were lost from the Eel River following the 1964 flood.  This event along with the 1955 flood and combined with land use practices brought large amounts of sediment into the Eel River, and this high sediment level is present today. Some portion of the deep holes that green sturgeon use during spawning were filled in by these events, but the extent is unknown. The BRT was not convinced
	The Eel River is the southern most known spawning area in the Northern DPS. Moyle et al. (1992) suggested that green sturgeon were lost from the Eel River following the 1964 flood.  This event along with the 1955 flood and combined with land use practices brought large amounts of sediment into the Eel River, and this high sediment level is present today. Some portion of the deep holes that green sturgeon use during spawning were filled in by these events, but the extent is unknown. The BRT was not convinced
	were only conducted in one other year. Nevertheless, the BRT concluded that green sturgeon populations in the Eel River are severely reduced. 

	The BRT concluded that green sturgeon in the Northern DPS were not in danger of extinction now or likely to become endangered in the foreseeable future throughout all of its range. A majority of the likelihood votes were placed in not being in danger of extinction now or in the foreseeable future category while a minority of the votes were placed in likely to become endangered in the foreseeable future category, and a single vote was placed for in danger of extinction. It should be noted that every BRT memb
	“Significant portion of its range” discussions are difficult for this DPS because of the lack of historical data about green sturgeon spawning areas. All BRT members felt that historical spawning areas had been larger than they are now, but with no historical data describing spawning areas, there was a range of thought about how much larger. Whether the Eel or Umpqua rivers had supported significant spawning populations was unresolved. The BRT was unable to come to consensus on what should be considered “a 
	The Southern Green Sturgeon DPS 
	The Southern Green Sturgeon DPS 

	Previous Risk Determination 
	In the previous status review, the BRT had mixed conclusions on whether there was sufficient information that shows green sturgeon in this DPS were not in danger of extinction or would be likely to become endangered in the foreseeable future. Every BRT member placed at least four likelihood votes for likely to become endangered in the foreseeable future category. The BRT felt that the single green sturgeon population in this DPS faced an even larger number of potential threats than the Northern DPS includin
	In the previous status review, the BRT had mixed conclusions on whether there was sufficient information that shows green sturgeon in this DPS were not in danger of extinction or would be likely to become endangered in the foreseeable future. Every BRT member placed at least four likelihood votes for likely to become endangered in the foreseeable future category. The BRT felt that the single green sturgeon population in this DPS faced an even larger number of potential threats than the Northern DPS includin
	temperatures, harvest concerns, loss of spawning habitat, entrainment by water projects, and influence of toxic material and exotic species. In the Southern DPS, spawning appears to be concentrated in the upper portion of the Sacramento River that is still accessible to anadromous fish. Catastrophic events have occurred in this DPS, such as the large-scale Cantara herbicide spill which killed all fish in a ten-mile stretch of river upstream from Shasta Dam and the 197778 drought that caused year-class fail

	Sources, Severity, and Geographic Scope of Threats 
	The BRT identified known threats to green sturgeon in the Southern DPS (Table 4). The BRT evaluated their ability to rank these threats, but concluded that this was not possible due the lack of information about their impact on green sturgeon. The principal threat to this DPS comes from the reduction of green sturgeon spawning area to a single population in the Sacramento River. The Sacramento River has impassible barriers blocking green sturgeon access to what were almost certainly historical spawning grou
	0
	0
	0

	Probably, the largest problems with exotic species are concerns about the replacement of food items (the exotic bivalve Potamocorbula amurensis, introduced in 1988, has become the most common food of white sturgeon and was found in the only green sturgeon so far examined (CDFG 2002).  The overbite clam is known to bioaccumulate selenium, a toxic metal (CDFG 2002, Linville et al. 2004]. Green sturgeon may also experience predation by introduced species including striped bass. Sturgeon have high vulnerability
	Discussion and Conclusions 
	The Sacramento River contains the only known green sturgeon spawning population in this DPS. There are no updated population trends data since the last status review.  The BRT concluded that was almost certainly a substantial loss of spawning habitat behind Keswick and Shasta dams (USFWS 1995b, historical habitat data summarized in Lindley et al. 2004). Green sturgeon occur up to the impassible barrier at Keswick Dam (USFWS 1995b).  It is unlikely that green sturgeon reproduced in their current spawning are
	The BRT concluded that a significant population of spawning green sturgeon no longer exists in the Feather River. A substantial amount of habitat in the Feather River was lost with the construction of Oroville Dam. CDFG (2002) concluded that the Feather River is the most likely loss of spawning habitat due to habitat blockage by Oroville Dam and from thermal barriers at the Thermaltio Afterbay facility. USFWS (1995b) stated that “Evidence also suggests that sturgeon reproduction occurs in both the Feather a
	The BRT concluded that a significant population of spawning green sturgeon no longer exists in the Feather River. A substantial amount of habitat in the Feather River was lost with the construction of Oroville Dam. CDFG (2002) concluded that the Feather River is the most likely loss of spawning habitat due to habitat blockage by Oroville Dam and from thermal barriers at the Thermaltio Afterbay facility. USFWS (1995b) stated that “Evidence also suggests that sturgeon reproduction occurs in both the Feather a
	migrate through the Feather River. Threats to green sturgeon are similar to those faced in the Sacramento River. 

	The BRT concluded that there was not sufficient information to establish whether the San Joaquin River system had supported a viable green sturgeon population.  There is no evidence of green sturgeon occurrence or spawning in the San Joaquin River (Beamesderfer et al. 2004, Adams et al. 2002, CDFG 2002). White sturgeon do occur in the San Joaquin River system, particularly in wet years (CDFG 2002) and the first record of white sturgeon spawning in San Joaquin system was made in 2003 (Beamesderfer et al. 200
	The majority of the BRT concluded that the green sturgeon Southern DPS is likely to become endangered in the foreseeable future and only one member concluded that the Southern DPS is not danger of extinction or likely to become endangered in the foreseeable future.  The likelihood votes ranged from currently in danger of extinction to not in danger of extinction likely to become endangered in the foreseeable future throughout all its range to not in danger of extinction in the foreseeable future, again refl
	Identifying what would constitute a “significant portion of the species’ range” would be even more difficult for this DPS because there is only one known spawning population. The BRT concluded that green sturgeon would have spawned above Shasta Dam and there may have been multiple historical populations in that area based on habitat characteristics (historical habitat evaluations summarized in Lindley et al. 2004). The BRT concluded that there was a more substantial probability of a historical spawning in t
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	Table 1. F comparisons among green sturgeon samples. The analyses are based on nine loci. Significant values are noted with an asterisk that represents a values less than 0.003, which were calculated using a Bonferroni correction for multiple comparisons after 1500 permutations (J. Israel and B. May pers. comm.). 
	ST

	San Pablo 
	San Pablo 
	San Pablo 

	Columbia 
	Columbia 
	Rogue 
	Bay 
	Sacramento Umpqua 

	Klamath 
	Klamath 
	0.055* 
	0.004* 
	0.049* 
	0.070* 
	0.002 

	Columbia 
	Columbia 
	0.060* 
	0.002* 
	0.009* 
	0.050* 

	Rogue 
	Rogue 
	0.052* 
	0.072* 
	0.002 

	San Pablo Bay 
	San Pablo Bay 
	0.002 
	0.044* 

	Sacramento 
	Sacramento 
	0.065* 


	Table 2. Harvest of green sturgeon (Numbers) from California, Oregon, and Washington from 1985 to 2003. See footnotes for data sources. 
	California 
	California 
	California 
	Oregonc 
	Washingtond 

	Klamathb 
	Klamathb 
	Columbia Riverc 
	Willapa Bay 
	Greys Harbor 

	TR
	Other 

	Year 
	Year 
	SF Baya 
	Yurok 
	Hoopaf 
	Sport 
	Trawl 
	Sport 
	Comm. 
	Comm. 
	Sport 
	Treatye 
	Comm. 
	Sport 
	Treatye 
	Trawl 
	Treatye 
	Total 

	1985 
	1985 
	Few 
	351 
	10 
	726 
	533 
	1600 
	1289 
	227 
	5 
	348 
	67 
	5156 

	1986 
	1986 
	Few 
	421 
	30 
	153 
	190 
	407 
	6000 
	925 
	1 
	626 
	3 
	142 
	167 
	9065 

	1987 
	1987 
	Few 
	171 
	20 
	170 
	124 
	228 
	4900 
	877 
	770 
	8 
	52 
	349 
	7669 

	1988 
	1988 
	Few 
	212 
	20 
	258 
	120 
	141 
	3300 
	1598 
	4 
	609 
	4 
	1 
	34 
	213 
	6514 

	1989 
	1989 
	Few 
	268 
	30 
	202 
	210 
	84 
	1700 
	461 
	4 
	870 
	12 
	2 
	133 
	91 
	4067 

	1990 
	1990 
	Few 
	242 
	20 
	157 
	143 
	86 
	2200 
	953 
	2 
	734 
	4 
	9 
	66 
	120 
	4736 

	1991 
	1991 
	Few 
	312 
	11 
	366 
	242 
	22 
	3190 
	957 
	0 
	1527 
	0 
	3 
	99 
	59 
	6788 

	1992 
	1992 
	Few 
	212 
	3 
	197 
	94 
	73 
	2160 
	1002 
	0 
	737 
	0 
	3 
	66 
	4 
	4551 

	1993 
	1993 
	Few 
	417 
	36 
	293 
	250 
	15 
	2220 
	290 
	32 
	542 
	112 
	3 
	37 
	20 
	4267 

	1994 
	1994 
	Few 
	293 
	6 
	160 
	154 
	132 
	240 
	268 
	13 
	6 
	17 
	25 
	22 
	5 
	1 
	1342 

	1995 
	1995 
	Few 
	131 
	6 
	78 
	29 
	21 
	390 
	78 
	8 
	374 
	96 
	7 
	3 
	65 
	1286 

	1996 
	1996 
	Few 
	119 
	8 
	210 
	182 
	63 
	610 
	129 
	24 
	137 
	70 
	132 
	1 
	7 
	1692 

	1997 
	1997 
	Few 
	306 
	16 
	158 
	400 
	41 
	1614 
	16 
	4 
	316 
	105 
	198 
	6 
	19 
	3199 

	1998 
	1998 
	Few 
	335 
	10 
	103 
	77 
	73 
	894 
	65 
	12 
	2 
	25 
	28 
	55 
	0 
	1692 

	1999 
	1999 
	Few 
	204 
	28 
	73 
	21 
	93 
	967 
	9 
	5 
	0 
	29 
	58 
	4 
	1491 

	2000 
	2000 
	Few 
	162 
	31 
	15 
	12 
	32 
	1224 
	224 
	5 
	0 
	38 
	50 
	3 
	1796 

	2001 
	2001 
	Few 
	268 
	10 
	NA 
	17 
	50 
	342 
	106 
	9 
	0 
	27 
	32 
	1 
	862 

	2002 
	2002 
	Few 
	273 
	5 
	NA 
	14 
	51 
	163 
	0 
	48 
	7 
	0 
	131 
	4 
	696 

	2003 
	2003 
	Few 
	287 
	16 
	NA 
	17 
	52 
	46 
	43 
	NA 
	2 
	NA 
	46 
	5 
	514 

	2004 
	2004 
	12 
	NA 


	CDFG 2002.. USFWS 1994, Hillemeier 2002, Kautsky 2004.. Farr et al. 2002, Rien 2004.. WDFW 2002a,b.. Frank 2002.. Kautsky 2004. 
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	Table 3. Historical and current spawning status of green sturgeon within the Northern Distinct Population Segment, including specific threats to river systems (but excluding ocean and estuarine harvest, which is considered as a coastwide threat). 
	River System 
	River System 
	River System 
	Historical Spawning Status 
	Present Spawning Status 
	Threats / Changes 

	Fraser River 
	Fraser River 
	No evidence 
	No evidencea 
	Availability of appropriate habitat and degradation or alterations to the habitatb Local Harvest 

	Chehalis River 
	Chehalis River 
	No evidence 
	No evidencec 
	Local Harvest 

	Umpqua River 
	Umpqua River 
	Known spawning 
	Known spawningd Current harvest 

	Rogue River 
	Rogue River 
	Known spawning 
	Known spawninge Current harvest 
	Common to Savage Rapidse and known to occur to Lost Creek Damf Flow management and hydro effectsg 

	Klamath River 
	Klamath River 
	Known spawning 
	Known spawningh 
	Increased temperaturesi Reduced oxygen concentrationsj Flow regime changek In-river harvestl 

	-Trinity River 
	-Trinity River 
	Known spawning 
	Known spawningm 
	Reduced flowsn See Klamath River Threats 

	- SF Trinity 
	- SF Trinity 
	Suspected spawningo 
	Suspected spawningp 
	1955 and 1964 floodsq See Klamath River Threats 

	Eel River 
	Eel River 
	Known spawningr 
	Suspected spawnings 
	1955 and1964 floodst Flow management and water transfersu Sediment and TMDLv 


	Footnotes.  Fraser River green sturgeon are from U.S. spawning populations, but do occur as far north as the Skeena .River (D. Lane, pers. comm.)..Houston 1987.. WDFW (2004) notes potential habitat, and has investigated but found no evidence of green sturgeon above .tidewater.. Two juvenile green sturgeon (each approximately 10-cm long) were regurgitated from two smallmouth bass .caught at river kilometer 134 (fresh water) on the Umpqua River, in June 2000 (T. Rien, pers. comm..).. Erickson et al. (2002). R
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	Table 4. Historical and current spawning status of green sturgeon within the Southern Distinct Population Segment, including specific threats to river systems (but excluding ocean and estuarine harvest, which is considered as a coastwide threat). 
	River System 
	River System 
	River System 
	Historical Spawning Status 
	Present Spawning Status 
	Threats / Changes 

	Sacramento River 
	Sacramento River 
	Known spawning 
	Known spawninga 
	Impassible barriers (Keswick and Shasta dams)b Adult migration barriersc Insufficient flowd Increased temperaturese Juvenile entrainmentf Exotic species (e.g., striped bass)g Poachingh Pesticides and heavy metalsi Local Harvest 

	Feather River 
	Feather River 
	Suspected spawning 
	No evidencej 
	Impassible barriers (Oroville Dam)k See Sacramento River Threats 

	San Joaquin River 
	San Joaquin River 
	No evidencel 
	No evidencem 
	Impassible Barriers (Friant Dam)n Extreme low flowo See Sacramento River Threats 


	Notes. Juvenile green sturgeon captured in most years at Glen Colusa Irrigation District and Red Bluff Diversion .dams (Adams et al. 2002, Fig. 15)..UFSWS 1995a. Other barrier that are not impassible, RBBD and ACID (USFWS 1995b, CDFG 2002). Also, sturgeon .attracted to stranding areas such as Yolo Bypass (J.McLain, pers. comm.)..White sturgeon recruitment strength related to flow (CDFG 1992, USFWS 1995b).. High water temperatures previous to winter-run chinook flow management (J. McLain, pers. comm.).. Gree
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	Figure 1. UPGMA dendrogram from green sturgeon samples was built using Nei’s unbiased minimum genetic distance. The distance between each collection was calculated by bootstrapping 1000 times and node support represented as a percentage of the trees which displayed similar topology (J. Israel and B. May pers. comm.). 
	Rogue 2002. Umpqua 2000. Klamath 1998. Klamath 2001. Rogue 2000. San Pablo Bay 2000. Sacramento 2002. 
	Sacramento .2003. Columbia 1995. 
	Figure 2. Locations of bottom-trawl sets made during 2000 (circles) and bottom-trawl sets that caught green sturgeon during 1993 - 2000 (crosses) along the Oregon and Washington coasts (from Erickson and Hightower 2004). 
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	Figure 3. Green Sturgeon Distribution and Distinct Population Segments. 
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