BDCP GOALS AND OBJECTIVES WORK GROUP

USFWS/CDFG GLOBAL GOALS AND OBJECTIVES and 
OVERALL GUIDANCE for
Delta and Longfin smelts, Splittail and Pacific and River Lamprey 

The attached draft species goals and objectives are provided for use in the BDCP Goals and Objectives development process.  It is important to note that these draft goals and objectives do not represent formally adopted agency recovery goals and objectives.   The following bullets are based on USFWS and CDFG Policy and are provided to assist the Science Panel and aid discussions with the BDCP Goals and Objectives Work Group.  
The joint “Five Point Policy” [Final Addendum to the Handbook for Habitat Conservation Planning and Incidental Take Permitting Process  (FR 65-35242)] defines “goals” as broad guiding principles for the operating conservation program and “objectives” as a means of stepping down the goals into more manageable units.  The Policy also states that the goals and objectives should clarify the purpose and direction of an HCP’s conservation plan.

· Goals and objectives and, by extension, actions identified in the DNFRP are intended to bring about recovery of the covered species.  An HCP, such as the BDCP, is not required to bring about recovery (Guidance, p 3-20).

· The BDCP goals and objectives are intended to sustain species and contribute to recovery; thus, they should provide for dependable and long-term biological protections (Guidance, p 3-20).  The goals and objectives for the BDCP should address the threats to the species identified in the BDCP Chapter 3 Conservation Strategy.

· The revised Delta Native Fishes Recovery Plan (DNFRP) will include in its recovery criteria the amelioration of threats identified for the individual covered species.  The BDCP objectives should strive to include quantitative statements of how much they will contribute to amelioration of threats outlined in the Chapter 3 Conservation Strategy.

Draft Delta Smelt Global Goals and Objectives

(June 2, 2011)
The draft global goals and objectives for delta smelt (Hypomesus transpacificus) provided here by USFWS and CDFG are suggestions that have not been formally adopted, and do not represent official agency recovery goals and objectives

Background

The delta smelt is a member of the Osmeridae family (northern smelts) (Moyle 2002). It is endemic to the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay-Delta) in California, and is restricted to the area from San Pablo Bay upstream through the Delta (Moyle 2002) to Verona on the Sacramento River and Mossdale on the San Joaquin River.  Genetic analyses have confirmed that H. transpacificus presently exists as a single intermixing population (Stanley et al. 1995; Trenham et al. 1998).  Delta smelt life cycle is completed within the freshwater and brackish LSZ of the Bay-Delta. Delta smelt are moderately euryhaline (Moyle 2002). However, salinity requirements vary by life stage. Delta smelt are a pelagic species, inhabiting open waters away from the bottom and shore-associated structural features (Nobriga and Herbold, 2008).  Apart from spawning and egg-embryo development, the distribution and movements of all life stages are influenced by transport processes associated with water flows in the estuary, which also affect the quality and location of suitable openwater habitat (Dege and Brown 2004; Feyrer et al. 2007; Nobriga et al. 2008).  The upstream migration of delta smelt, which ends with their dispersal into river channels and sloughs in the Delta (Radtke 1966; Moyle 1976, 2002; Wang 1991), seems to be triggered or cued by abrupt changes in flow and turbidity associated with the first flush of winter precipitation (Grimaldo et al. 2009 but can also occur after very high flood flows have receded. Grimaldo et al. (2009) noted salvage often occurred when total inflows exceeded over 25,000 cfs or when turbidity elevated above 12 NTU at Clifton Court Forebay. Delta smelt spawning may occur from mid-winter through spring; most spawning occurs when water temperatures range from about 120C to 180C (Moyle 2002). Most adult delta smelt die after spawning (Moyle 2002). However, some fraction of the population may hold over as two-year-old fish and spawn in the subsequent year.

During the period 2002 through 2010 the index of subadult and adult delta smelt derived from the IEP’s Fall Midwater Trawl Survey (FMWT) ranged from 17 to 210, with a mean of 65.2.  This compares to a range of 102 to 1673 and a mean of 585.3 for the initial 32 surveys conducted during the period 1967 through 2001.  This dramatic decline in abundance, along with a decline in growth rates (Bennett 2005, Sweetnam 1999) and a unusual persistent negative trend in year-over-year indices since 2000.  Delta smelt is one of four pelagic fish species subject to what has been termed the Pelagic Organism Decline or POD (Sommer et al. 2007). The POD denotes the sudden, overlapping declines of San Francisco Estuary pelagic fishes first recognized in data collected from 2002-2004. The POD species include delta smelt, longfin smelt, threadfin shad (Dorosoma petenense), and (age-0) striped bass (Morone saxatillis), which together account for the bulk of the resident pelagic fish biomass in the tidal water upstream of X2 (defined as the distance from Golden Gate Bridge to the point where salinity on the bottom is 2 psu). Post-2001 abundance indices for the POD species have included record lows for all but threadfin shad. The causes of the POD and earlier declines are not fully understood, but appear to be layered and multifactorial (Baxter et al. 2008). Several analyses have concluded that the shift in pelagic fish species abundance in the early 1980s was caused by a decrease in habitat carrying capacity or production potential (Moyle et al. 1992, Bennett 2005; Feyrer et al. 2007). 

The delta smelt is listed as endangered under both state and federal ESAs.  These factors are likely responsible for a majority of the decline in delta smelt population:

· A marked decline in turbidity starting in 1999 (Schoellhamer 2011).

· A marked decline in food production due to species introductions and possibly ammonium inhibition of diatom blooms caused by insufficiently treated sewage effluent (Baxter et al. 2010).

· Constriction of summer and fall abiotic habitat due to water project operations and declining turbidity (Nobriga et al. 2008, Feyrer, et al. 2007).

· Episodic high levels of proportional entrainment in the latter 1990s and early 2000s (Kimmerer 2008) at the SWP/CVP water export facilities located in the southern Delta.  

The delta smelt recovery criteria identified in the 1996 Delta Native Fishes Recovery Plan (DNFRP) are problematic, in that:

· Previous delta smelt recovery objectives have been built from Interagency Ecological Program (IEP) datasets.  The Service notes that the IEP has extensive data on delta smelt abundance and distribution that can be used to guide the development of goals and objectives.

· Distributional criteria (p 32) are based upon an outmoded conceptual model of how the Delta functions hydrodynamically.  The criteria assume that a broad distribution is (a) desirable and (b) obtainable in all hydrologic year-types (“criteria for all zones need to be met in all years”), which we now know to be false because (1) distribution is tied closely to Delta outflow and (2) includes the lower Yolo Bypass region year-around since Liberty Island was abandoned.

· Abundance criteria (p 33) are based upon the Fall Mid-Water Trawl.  While it is highly probable that the apparent abundance as indexed by the FMWT is closely related to true abundance, the relationship is unknown and is probably nonlinear at both high and low index values.  A better indicator would be a population trend derived from a true abundance estimate, and evaluated for its viability within the context of a life-cycle model.  

· The length of the evaluation period (five years, p 33) is too short.  It should not happen that a species meets short-term criteria and fails to meet long-term criteria, such as the 100-year risk of extinction.  The BDCP is proposed to occur in stanzas with a 50-yr permit timeframe.  The goals and objectives should use time frames consistent with the plan.

· And finally, these criteria are intended to bring about recovery, which is not a requirement for an HCP.  However, the goals and objectives should be consistent with a broader plan to initially increase, and ultimately stabilize abundance at a level consistent with a < 5% probability of extinction for the duration of the project.

Previous delta smelt recovery objectives have been built from Interagency Ecological Program (IEP) data sets.  The Service notes that the IEP has extensive data on delta smelt abundance and distribution that can be used to guide the development of goals and objectives.

Global Goals
Global Goal 1:  Restore and manage the estuary to improve essential habitat conditions for delta smelt, particularly in regard to calanoid copepod and mysid production, turbidity, the extent of appropriate fall abiotic habitat, and entrainment risk. 

Global Goal 2:  Increase the average annual abundance of sub-adult and adult delta smelt. so as to establish a self-sustaining population that will persist indefinitely.
Global Goal 3:  Increase understanding of delta smelt biology, ecology, and stressor responses to allow for more effective and efficient species recovery efforts.

Global Objectives
· Continue water management efforts that have reduced the annual proportion of spawning adult and larval-early juvenile delta smelt lost to entrainment in the interior Delta.

· Manage water operations to reduce the transport of delta smelt into areas of unfavorable habitat. 

· Increase delta smelt growth and survival rates to pre-1987 levels by increasing calanoid copepod and mysid productivity within delta smelt habitats.

· Increase the extent (area and volume) of fall delta smelt habitat as defined by salinity and turbidity and, at a minimum, maintain present-day levels of habitat suitability during other times of the year.  

	Expected Global Outcomes:  



	Outcome 1:  Improved pelagic food web productivity in the Delta and Suisun Bay through restoration of inter-tidal habitat and removal/reduction of stressors (e.g., ammonium, high south Delta water exports, high Corbula densities).  Improved productivity should manifest as increased calanoid copepod and mysid densities persisting for more of the year, leading to better juvenile delta smelt recruitment and enhanced use of Suisun Bay.  



	Outcome 2:  Enhanced knowledge of delta smelt population biology and ecology in the San Francisco Estuary emphasizing linking stressors or limiting factors to observed changes in abundance or distribution through time. Enhanced knowledge should include identification of delta smelt age and genetic population structure, and any genetic bottlenecks; delta smelt diet and prey dynamics; environmental tolerances of different life stages; and, habitat use and needs of different life stages.
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Draft Longfin Smelt Global Goals and Objectives

(June 1, 2011)

The draft global goals and objectives for longfin smelt (Spirinchus thaleichthys) provided here by USFWS and CDFG are suggestions that have not been formally adopted, and do not represent official agency recovery goals and 

The longfin smelt is a small, anadromous pelagic fish native to the San Francisco Estuary.   Mature adults (predominantly age-2) return to fresh or slightly brackish water to spawn during winter and early spring.  After a protracted incubation, eggs hatch into buoyant larvae that are transported by freshwater outflows to the mixing zone (represented as X2, the location of the 2 psu isohaline) and beyond where they rear initially (Dege and Brown 2004, Hobbs et al. 2010).  Larvae begin feeding extensively day and night on copepods, particularly Eurytemora affinis and later Pseudodiaptomus forbesi (Hobbs et al. 2006, Slater unpublished).  Juveniles include mysids and later amphipods in their diet as soon as they can get them in their mouths (Feyrer et al. 2003, Slater unpublished).   Recruitment of juvenile longfin smelt has and continues to be a  positive function of winter-spring Delta outflow even as abundance has declined (or a negative function of X2 position; e.g., Kimmerer 2002, Rosenfield and Baxter 2007, Baxter et al. 2010),. The abundance decline after 1987 is believed to have resulted from the introduced clam Corbula amurensis feeding on phyto- and zooplankton, and thereby reducing zooplankton and mysid numbers through competition and predation (see Kimmerer 2002).  The clam reduced longfin smelt feeding opportunities in the upper estuary.  In addition to the apparent recruitment affect, juvenile use of the upper estuary as rearing habitat has diminished since Corbula’s introduction and again more recently: after 1987 longfin smelt shifted their distribution toward more saline water (Fish et al. 2009); after 2000, longfin smelt shifted their distribution closer to the bottom and downstream to central San Francisco Bay (Baxter et al. 2010).  These two separate shifts suggest that Suisun Bay no longer provides suitable late summer and fall rearing habitat for longfin smelt.  Stimulation of the Delta and Suisun Bay food webs is a goal of BDCP, and if successful will improve feeding opportunities for longfin smelt.  This along with reductions in other potential stressors (e.g., ammonium, high south Delta water exports etc.), could improve longfin smelt abundance.
	Global Goals

Global Goal 1:  Manage the Estuary to improve food web productivity for pelagic fishes in general and for longfin smelt in particular.

	

	Global Goal 2:  Longfin smelt will be considered restored when its population dynamics (measured as magnitude of abundance response to winter-spring outflow [or X2 ]) are similar to those that existed in the 1967-1987 period.



	Global Objectives



	Global Objective 1 (abundance criteria):  Productivity (abundance indices) must be equal to or greater than predicted for 5 of 10 years based upon a regression of 1967-1987 abundance on December through May mean outflow (or X2).



	Global Objective 2 (distributional criteria):  (1) longfin smelt must be captured in at least 40 percent of Carquinez Strait and Suisun Bay Fall Midwater Trawl stations in at least 80 percent of years sampled, and (2) during each sampling year for the Fall Midwater Trawl individual trawl catches of 13 longfin smelt or more must be made at least once (this reflects a return to historical schooling behavior).



	Global Objective 3:  Implement actions to benefit longfin smelt abundance (winter-spring outflow enhancements), to minimize threats (reduce exports) and to improve the scientific understanding of their ecology to benefit future management.


	Expected Global Outcomes:  



	Outcome 1:  Improved pelagic food web productivity in the Delta and Suisun Bay through restoration of inter-tidal habitat and removal/reduction of stressors (e.g., ammonium, high south Delta water exports, high Corbula densities).  Improved productivity should manifest as increased calanoid copepod and mysid densities persisting for more of the year, leading to better juvenile longfin smelt recruitment and enhanced use of Suisun Bay.  



	Outcome 2:  Enhanced knowledge of longfin smelt population biology and ecology in the San Francisco Estuary emphasizing linking stressors or limiting factors to observed changes in abundance or distribution through time. Enhanced knowledge should include identification of longfin smelt age and genetic population structure, and any genetic bottlenecks; longfin smelt diet and prey dynamics; environmental tolerances of different life stages; and, habitat use and needs of different life stages.
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Draft Splittail Global Goals and Objectives

(June 1, 2011)
The draft global goals and objectives for splittail (Pogonichthys macrolepidotus) provided here by USFWS and CDFG are suggestions that have not been formally adopted, and do not represent official agency recovery goals and objectives 

Background

The splittail is a large native minnow unique among members of the family Cyprinidae in that it spends much of its life in brackish water.  In winter, mature individuals, (age 2 or 3 up to age 7-9) migrate into freshwater to forage and spawn (Moyle et al. 2004).  Splittail recruitment is a function of the magnitude and duration of floodplain inundation during the late winter and spring spawning and early rearing periods (Sommer et al. 1997, Moyle et al. 2004, Feyrer et al. 2006).  Yet some splittail recruitment occurs in all years, and modeling suggests that river-margin spawning in dry years is sufficient to maintain the population (Moyle et al. 2004).  Moreover, spawning and early rearing continues to be successful over a broad geographic range within the Sacramento and San Joaquin rivers (to at least river mile 144 [Colusa] and river mile 83 [just downstream of Tuolumne R confluence], the limits of current beach seine sampling in the Sacramento and San Joaquin rivers, respectively; Feyrer et al. 2005, Randall Baxter pers comm.) and spawning tends to shift higher into the Sacramento River during dry years, presumably because of limited floodplain inundation and lack of suitable river-margin spawning habitat in the lower river (Feyrer et al. 2005). Habitat along the riverine migration corridors has been degraded by rip-rap (Feyrer et al. 2005) and needs to be improved to enhance spawning potential and survival during migration.  Moreover, riparian zone enhancement and improved access to floodplains can benefit overall system productivity (e.g. Sommer et al. 2004) as well as splittail reproduction and early rearing.  The size of the adult splittail population is unknown and it’s currently unclear whether the Central Valley population is at risk.  Recent evidence indicates there is a genetically distinct population inhabiting the Napa and Petaluma rivers and marshes (Baerwald et al. 2007).  These populations appear to inhabit much smaller ranges and may be isolated by high salinities.  These characteristics emphasize the need for additional monitoring and research.  Splittail catches in open-water trawl surveys are a function of population size and the ability of individual fish to find food in the water column, primarily mysids. Since introduction of Corbula, splittail have shown a shift to more benthic foraging and an increasing consumption of selenium bioaccumulating species. This dietary shift has effects on reproduction and survival. Mysid numbers in the water column are influenced by Corbula competition (believed to cause the overall decline), primary and secondary productivity, and turbidity (mysids are negatively photo-taxic), so recovery efforts (Global Objective 1) should address Corbula numbers, system productivity and turbidity. 
	Global Goals



	Global Goal 1:  Manage the estuary to improve food web productivity for aquatic life in general and for splittail in particular.


	Global Goal 2:  Restore habitat linkages both to new marshes and along migratory pathways into and within the Sacramento, San Joaquin, Mokelumne, Cosumnes, Napa and Petaluma rivers.  Improve riparian habitats and river to floodplain access to enhance splittail survival and reproduction, and to enhance the current broad spawning and rearing distribution. 



	Global Objectives



	Global Objective 1 (abundance criteria):  Enhance the pelagic food web to increase mysid numbers and increase foraging opportunities throughout the water column.



	Global Objective 2 (abundance criteria):  Identify, maintain and enhance habitat in the Petaluma River and Marsh and the Napa River and Marsh to support and increase the current splittail abundance.


	Global Objective 3 (distributional criteria):  Identify and ameliorate long reaches of poor quality habitat along the spawning migration/juvenile emigration routes into rivers listed in Gobal Goal 2. 

	


	Expected Global Outcomes:  



	Outcome 1:  Enhanced understanding of habitat use and needs, and monitoring of age-structure and population trends of Petaluma River and Marsh and the Napa River and Marsh splittail stocks.



	Outcome 2:  Development of monitoring focused on the abundance and age-structure of adult splittail with a goal of assessing the importance of wet year vs dry year recruitment for sustaining the population.



	Outcome 3:  Survey spawning migration/juvenile emigration routes to identify reaches that provide no current break or resting cover for migrating adults, or foraging habitat or escape cover for larvae and juveniles.



	Personal Communications

Randall Baxter, California Department of Fish and Game, Region 3, May 23, 2011
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Draft Pacific Lamprey Global Goals and Objectives

 (June 1, 2011)
The draft global goals and objectives for Pacific Lamprey (Entosphenus tridentatus; formerly Lampetra tridentata) provided here by USFWS and CDFG are suggestions that have not been formally adopted, and do not represent official agency recovery goals and objectives.
Background

Historically, Pacific lampreys were thought to be distributed wherever salmon and steelhead occurred. However, recent data indicate that distribution of the Pacific lamprey has been reduced in many river drainages. They no longer exist above dams and other impassable barriers in west coast streams, including many larger rivers throughout coastal Washington, Oregon, and California, nor above dams in the upper Snake and Columbia Rivers. Available data also indicate that Pacific lampreys have declined in abundance throughout the Columbia River basin and southern California.  After spending one to three years in the marine environment, Pacific lampreys cease feeding and migrate to freshwater between February and June. They are thought to overwinter and remain in freshwater habitat for approximately one year before spawning. During that time they may shrink in size up to 20 percent. Most upstream migration takes place at night. Adult size at the time of migration ranges from about 15 to 25 inches. Pacific lampreys spawn in habitat similar to that of salmon: gravel bottomed streams at the upstream end of riffle habitat. Spawning occurs between March and July depending upon location within their range. The degree of homing is unknown, but adult lampreys cue in on ammocoete areas which release pheromones that are thought to aid adult migration and spawning location. Both sexes construct the nests, often moving stones with their mouth. After the eggs are deposited and fertilized, the adults typically die within 3 to 36 days after spawning. Embryos hatch in approximately 19 days at 59° Fahrenheit (F) and the ammocoetes drift downstream to areas of low velocity and fine substrates where they burrow, grow and live as filter feeders for 3 to 7 years and feed primarily on diatoms and algae. Several generations and age classes of ammocoetes may occur in high densities. Ammocoetes move downstream as they age and during high flow events. Metamorphosis to the juvenile phase (macropthalmia) occurs gradually over several months, usually beginning in summer and is complete by winter. As developmental changes occur, including the appearance of eyes and teeth, the juveniles leave the substrate to enter the water column. Moving downstream, they emigrate to the ocean between late fall and spring where they mature into adults.

Pacific lampreys face a variety of threats to its various life history stages: 

· lack of passage (caused by dams, culverts, water diversions, tide gates, other barriers) both upstream & downstream. 

· dewatering and reduced flows (reservoir management, water diversions, construction projects); 

· poisoning (accidental spills, chemical treatments); 

· poor water quality; 

· dredging (channel maintenance and mining); 

· stream and floodplain degradation (channelization, loss of side channel habitat, scouring); 

· ocean conditions (loss of prey, increase in predators); 

· predation by nonnative fish species.

Taking into account the potential for lamprey utilization of an area is essential to their conservation. This is especially critical for lamprey ammocoetes because they are unable to move out of areas of disturbance and a single dewatering event, physical disturbance, or contamination may have a significant effect on a local lamprey population.

	Global Goals



	Global Goal 1:  Manage the Estuary in such a way that it is better habitat for aquatic life in general and for Pacific lamprey in particular.



	Global Goal 2:  Restore and sustain Pacific lamprey populations throughout appropriate areas of  their historic range (via voluntary participation from a variety of entities) by implementing conservation measures including the following:

· provide lamprey passage 

· protect ammocoete habitat 

· restore stream channel complexity 

	Global Objectives



	Global Objective 1:  Implement actions known to benefit Pacific lamprey, to minimize threats to their existence and to improve the scientific understanding of their ecology in order to recover their abundance and maximize their distribution and population viability.




	Expected Global Outcomes:  



	Outcome 1:  Enhanced collation, description and tracking of current knowledge of Pacific lamprey life history, biology, and habitat requirements.



	Outcome 2:  Describe the current distribution, abundance, and population structure of Pacific lamprey populations.



	Outcome 3:  A range-wide map of historical and current Pacific lamprey distribution.



	Outcome 4:  Description of known threats and reasons for decline.



	Outcome 5:  Identification and implementation of a strategy for restoring Pacific lamprey populations

that includes:

      􀂃 prioritized threats and actions to address them,

      􀂃 prioritized restoration actions,

      􀂃 prioritized research, monitoring, and evaluation needs to inform future actions,

      􀂃 identified partnerships and potential funding sources to implement actions.



Draft River Lamprey Global Goals and Objectives
(June 1, 2011)

The draft global goals and objectives for River Lamprey (Lampetra ayresii) provided here by USFWS and CDFG are suggestions that have not been formally adopted, and do not represent official agency recovery goals and objectives.
Background

Adult river lampreys average between 7 and 12 in (18 and 30 cm) in length.  They are dark on the back and sides with silvery yellow on the belly and dark pigmentation on the tail (Moyle 2002).  Except for the last 6 months to 1 year of life, the western brook lamprey and the river lamprey are indistinguishable from each other (Kostow 2002).  River lampreys are found from just north of Juneau, Alaska, to San Francisco Bay in California (Nawa et al. 2003).  However, detailed information on their distribution is lacking. River lampreys are associated with large river systems such as the Fraser, Columbia, Klamath, Eel, and Sacramento Rivers.  Beamish (1980) and others have noted that river lamprey production appears to be concentrated only in particular rivers, and only in the lower portions of these large rivers. The river lamprey is thought to be closely related to the resident western brook lamprey (Docker et al. 1999).  Little information is available on river lamprey life history. Metamorphosis from the ammocoete to macropthalmia life stage occurs between July and April (Kostow 2002; Moyle 2002). At this

time, macropthalmia are thought to live deep in the river channel, which may explain why they are rarely observed (Kostow 2002).  According to Moyle (2002), their life span is 6 to 7 years. River lampreys lay 11,400 to 37,300 eggs per adult female (Kostow 2002; Moyle 2002).  
Both historical and current abundance data as well as distribution data is lacking. In California, most records for the river lamprey are for the lower Sacramento and San Joaquin River system tributaries in the Central Valley, especially in the Stanislaus and Tuolumne Rivers (Moyle 2002). River lampreys have been historically reported in the Alameda and Napa Rivers, and Sonoma and Cache Creeks, which are tributaries of San Francisco Bay (Wang 1986; Moyle et al. 1995; Moyle 2002). River lampreys appear to spawn regularly in Salmon Creek and in tributaries to the lower Russian River (Moyle 2002).  River lamprey data are limited in California and long-term data are not available; most data are incidental to salmonid surveys.  According to Moyle et al. (1995), the river lamprey has become uncommon in California.  Anecdotal information suggests populations are declining because the Sacramento, San Joaquin, and Russian River systems have been altered by dams, diversions, pollution, and degradation of suitable spawning and rearing habitat in rivers and tributaries; however, there are no quantitative data to confirm this information. River lampreys are known to be extirpated from Cache Creek (P. Moyle, pers. comm. 2004).
	Global Goals



	Global Goal 1:  Manage the Estuary in such a way that it is better habitat for aquatic life in general and for river lamprey in particular.



	Global Goal 2:  Restore and sustain river lamprey populations throughout appropriate areas of their historic range (via voluntary participation from a variety of entities) by implementing conservation measures including the following:

· provide lamprey passage 

· protect ammocoete habitat 

· restore stream channel complexity 



	Global Objectives



	Global Objective 1:  Implement actions known to benefit river lamprey, to minimize threats to their existence and to improve the scientific understanding of their ecology in order to recover their abundance and maximize their distribution and population viability.




	Expected Global Outcomes:  



	Outcome 1:  Enhanced collation, description and tracking of current knowledge of River lamprey life history, biology, and habitat requirements.



	Outcome 2:  Describe the current distribution, abundance, and population structure of river lamprey populations.



	Outcome 3:  A range-wide map of historical and current River lamprey distribution.



	Outcome 4:  Description of known threats and reasons for decline.



	Outcome 5:  Identification and implementation of a strategy for restoring River lamprey populations

that includes:

      􀂃 prioritized threats and actions to address them,

      􀂃 prioritized restoration actions,

      􀂃 prioritized research, monitoring, and evaluation needs to inform future actions,

      􀂃 identified partnerships and potential funding sources to implement actions.


Personal Communications

Peter Moyle, University of California at Davis, 2004
References Cited

Docker et al. 1999, Phylogeny of the lamprey genus Lampetra inferred from mitochondrial cytochrome b and ND3 gene sequences, Can. J. Fish. Aquat. Sci. 56: 2340-2349, 1999
Kostow 2002, Oregon lampreys: natural history, status, and analysis of management issues, Oregon Department of Fish and Wildlife, Portland
Moyle 2002, Inland fishes of California. University of California Press, Berkeley 
Moyle et al. 1995
Nawa et al. 2003,  A Petition for Rules to List: Pacific Lamprey (Lampetra tridentata); River Lamprey (Lampetra ayresi);Western Brook Lamprey (Lampetra richardsoni); and Kern Brook Lamprey (Lampetra hubbsi) as Threatened or Endangered Under the Endangered Species Act. Letter to the U.S. Fish and Wildlife Service, Department of the Interior.
Wang 1986, Fishes of the Sacramento-San Joaquin Estuary and adjacent waters, California: a guide to their early life histories. California Department of Water Resources, Interagency Ecological Program, Technical Report 9, Sacramento, California.[image: image1][image: image2]
