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Introduction

This bibliography summarizes a broad range of literature relevant to delta smelt in the Sacramento-San Joaquin Bay-Delta with emphasis on environmental factors controlling species abundance and distribution. Sources include scientific journals and reports, agency reports and agency plans.  Summaries include either the original abstracts, if any, and/or new summaries derived from each literature source. References were included in 5 objectives of the 1995 Bay Delta Plan: 1) Export limit objectives, 2) Delta outflow objectives, 3) Rio Vista flow objectives, 4) Vernalis flow objectives and 5) Vernalis day pulse flow objective.  An additional section (section 6) includes studies relevant to fish status and impacts in the estuary. Any given reference may be included in one or several objectives, depending on its content. An asterisk in front of the first author’s name denotes that such reference was not available in electronic format or PDF file. .In studies involving three or more authors, the term “et al.” follows the first author’s name. 
1. Export Limit Objectives 

Bennett, W. A. and P.B. Moyle. 1996. Where have all the fishes gone? Interactive factors producing fish declines in the Sacramento-San Joaquin Estuary. In pages 519-542. J.T. Hollibaugh (ed.) The San Francisco Bay: The ecosystem.  Further investigations into the natural history of San Francisco Bay and Delta with reference to the influence of man.  Friesen Printers, Altona, Manitoba.


Fish populations have declined markedly in the Sacramento-San Joaquin estuary. Evidence of factors contributing to the declining abundance of fishes is reviewed in the context of six pathways by which alteration of freshwater outflow to the estuary affects the survival of larval and juvenile fishes. Specific pathways include: 1) transport and entrainment, 2) retention in and/or advection from preferred habitats, 3) success and effects of invading species, 4) primary production and food web dynamics, 5) dilution and/or flushing of toxic compounds, and 6) the quantity and quality of shallow-water spawning/rearing habitat.  Clearly, ameliorating the effects of various factors (e.g., reducing entrainment, toxic runoff, and improving shallow water habitat) will improve conditions for fish. The current lack of life history information and on several of the most affected species and the need to prevent extinctions suggests that the most pragmatic and promising solution is to ensure adequate outflow to the estuary. The simultaneous declines of so many species with different habitat requirements and life history strategies is an indication of broad problems with the estuarine environment, especially in the Delta.
Foss, S. 2003. Fish salvage at the State Water Project and Central Valley Project fish facilities. Interagency Ecological Program. IEP Newsletter 16(2):40-45.

Two large facilities in the Sacramento-San Joaquin Delta – the Central Valley Project’s (CVP) Tracy Fish collection Facility (TFCF) and the State Water Project’s (SWP) Skinner Delta Fish Facility (SDFPF) divert (salvage fish from exported water. Both facilities use a louver-bypass system to collect entrained fish, which are then transported to release sites in the Delta. Water exports and salvage in 2002 totaled about 3.44 billion m3 4.65 million fish at the SWP and 3.08 billion m3 and 6.14 million fish at the CVP. Estimated salvage of delta smelt at SWP in 2002 was 49,823 and almost 75% of delta smelt were salvaged during May. Estimated number of delta smelt salvaged at the CVP in 2002 was 18,396 and the highest salvage occurred in January. The combined SWP + CVP salvage of Chinook salmon was 21,909 and 1/3 were adipose fin clipped, indicating hatchery origin. Of the naturally-produced salmon, it was estimated that 56% were spring-run, 34% fall-run and 10% winter-run.  Fish mortality estimates were only presented for Chinook salmon, an estimate of the Chinook salmon mortality due to entrainment at the export facilities, was based on estimates of pre-screen loss (predation), louver efficiency, and handling and trucking mortality. Total salmon loss (SWP + CVP) in 2002 was 39,256, more than twice the salmon salvage. Approximately 42% of the salmon lost were adipose fin clipped. Steelhead salvage at both facilities in 2002 was 2,181 at the SWP and 1,656 at the CVP, much lower than the two previous years. Additional salvage information is presented for striped bass, American shad, splittail and longfin smelt.  The 2002 total mitten crab was much lower than any of the last 5 years.
Foss, S. 2004. Fish salvage at the State Water Project and Central Valley Project fish facilities. Interagency Ecological Program. IEP Newsletter 17(2):32-37.


Water exports in 2003 totaled about 4.37 billion m3 for the State Water Project (SWP) and 3.42 billion m3 for the Central Valley Project (CVP).  Fish salvaged included

about 4.25 million at the SWP and 7.49 million at the CVP. Threadfin shad, American shad and striped bass accounted for most of the annual salvage in 2003. Estimated salvage of delta smelt in 2003 was 21,248.at the SWP and 16,662 at the CVP. An unusually high percentage of the delta smelt were adults at the SWP (39%) mostly salvaged during January. At the CVP 23% of the delta smelt salvaged were adults. The 3,756 delta smelt adults salvaged in January were the most in that month since 1988. This is the second consecutive year that peak adult salvage has occurred in January. Prior to 2002, there had been a 3-year period of high delta smelt salvage in February. The combined SWP and CVP salvage of Chinook salmon was 33, 989. About 28% of which were adipose fin clipped, indicating hatchery origin. Salmon loss due to entrainment at the export facilities considering pre-screen loss due to predation, louver efficiency, and handling and trucking mortality was 84,766, more than twice the number salvaged. Steelhead salvaged in 2003 were 5,766 at the SWP and 6,871 at the CVP, the most in any year at the CVP since 1993. No estimated losses were reported for species other than Chinook salmon. 
Hymanson, Z. and D. Sweetnam. 1997. Delta smelt concerns result in changes in SWP/CVP operations.  Interagency Ecological Program. IEP Newsletter 10(4):5-6.


State and federal export facility operations were modified in late May and early June 1997 in response to concerns over the distribution and high take of delta smelt. Salvage is used as a surrogate for take as there is no direct measure of delta smelt losses at these facilities and only delta smelt longer than 20 mm are considered to be take in the salvage operations. This year’s scenario of a large portion of delta smelt spawning directly in front of the export facilities and the lack of outflow to move delta smelt westward toward Suisun Bay elevated concerns to a high level.  In 1997, the CVP/SWP delta smelt salvage increased dramatically during May as young-of-the-year delta smelt grew large enough to be salvaged. The FWS biological opinion dealing with the effects of SWP /CVP operations on delta smelt uses various levels of combined SWP/CVP delta smelt salvage as triggers to initiate actions to reduce water project impacts on delta smelt. These thresholds include:  1) The 14-day running average of combined delta smelt salvage (also known as yellow light level) and 2) The cumulative total of combined salvage for each month (also known as red light level).  The yellow light level was exceeded by May 12 and the red light level was exceeded by May 16. By the end of May total monthly salvage 31,686 delta smelt) exceeded the red-light level more than three-fold. FWS identified four actions for immediate implementation: 1) Continue to hold the Delta Cross Channel gates open, 2) Maintain combined CVP/SWP exports at 2,250 cfs until June 8, 3) Maintain upstream water releases in the American River and Sacramento River and 4) Maintain an export/inflow ratio of 35%. All but the second item were implemented. Although these limited actions were intended to reduce take of delta smelt in late May and early June, combined salvage remained high through early June.  
Jassby A.D. 2005. Phytoplankton regulation in a eutrophic tidal river (San Joaquin River, California). San Francisco Estuary and Watershed Science. 3(1):1-22


As in many U.S. estuaries, the tidal San Joaquin River exhibits elevated organic matter production that interferes with beneficial uses of the river, including fish spawning and migration. High phytoplankton biomass in the tidal river is consequently a focus of management strategies. An unusually long and comprehensive monitoring dataset enabled identification of the determinants of phytoplankton biomass. Phytoplankton carrying capacity may be set by nitrogen or phosphorus during extreme drought years but, in most years, growth rate is light-limited. The size of the annual phytoplankton bloom depends primarily on river discharge during late spring and early summer, which determines the cumulative light exposure in transit downstream. The biomass-discharge relationship has shifted over the years, for reasons as yet unknown. Water diversions from the tidal San Joaquin River also affect residence time during passage downstream and may have resulted in more than a doubling of peak concentration in some years. Dam construction and accompanying changes in storage and- release patterns from upstream reservoirs have caused a long-term decrease in the frequency of large blooms since the early 1980s’, but projected climate change favors a future increase. Only large decreases in nonpoint nutrient sources will limit phytoplankton biomass reliably. Growth rate and concentration could increase if nonpoint source management decreases mineral suspensoid load but does not decrease nutrient load sufficiently. Small changes in water storage and release patterns due to dam operation have a major influence on peak phytoplankton biomass, and offer a near-term approach for management of nuisance algal blooms.

Poage, V. 2004. Why we do a “post-VAMP shoulder for delta smelt. Interagency Ecological Program for the Sacramento-San Joaquin Estuary.  Newsletter  17(2):44-49.

The delta smelt Hypomesus transpacificus is endemic to the San Francisco Estuary and the Sacramento-San Joaquin Delta, which has undergone a profound transformation over the past 150 years. The delta smelt are listed as threatened under the federal Endangered Species Act of 1973. Although highly variable, delta smelt fall abundance indices have exhibited a marked decline over the past 30 years. The VAMP provides fisheries benefits during a 31 day April-May pulse flow period by reducing export pumping and increasing flows in the San Joaquin River and its tributaries. Should the CVP and SWP resume full export capability immediately following the VAMP, it is conceivable that planktonic delta smelt larvae in the South Delta would in many years suffer very high entrainment losses. Extending export curtailment beyond the VAMP (Post-VAMP shoulder) is intended to improve habitat and afford delta smelt larvae the opportunity to move north and west toward rearing areas in Suisun Bay, Suisun Marsh and the Lower Sacramento River. Water that is not exported during the post-VAMP shoulder curtailment must either be accounted for under CVPIA §3406(b)(2) or reimbursed by the EWA.  To benefit delta smelt, water from the Environmental Water Account allows curtailment of water project export pumping, which directly reduces incidental take at the Central Valley Project and State Water Projects pumps in the South Delta. Pumping curtailments from January through March minimize take of pre-spawning and spawning adult delta smelt. Actions taken in April through June minimize take of late-spawning adults or larvae and juveniles. After June delta smelt emigrate from the south Delta and are no longer vulnerable to entrainment. Decision criteria for implementing the post-VAMP shoulder are found in the delta smelt decision tree (Nobriga et al. 2001).
USFWS. 1994. Formal consultation on the 1994 Operation of the Central Valley Project and State Water Project: Effects on delta smelt.  U.S Fish and Wildlife Service, Portland, OR.


This biological opinion addresses effects of the combined operations of the Central Valley Project (CVP) and State Water Project (SWP) on the delta smelt (Hypomesus transpacificus) from February 15, 1994, to February 15, 1995.  The biological opinion also incorporates the conference report, pursuant to 50 CFR 402.10, addressing project effects on the October 3, 1991, proposed delta smelt critical habitat.  This biological opinion indicates that the proposed combined CVP/SWP operations are likely to jeopardize the continued existence of the delta smelt and adversely modify or destroy proposed critical habitat for the delta smelt. The biological opinion does not address all of the interrelated and interdependent effects of this CVP/SWP action. Effects of the CVP/SWP on three other species (bald eagle, clapper rail and harvest mouse) were addressed in another biological opinion.
2. Delta Outflow Objectives
Bennett, W. A. and P.B. Moyle. 1996. Where have all the fishes gone? Interactive factors producing fish declines in the Sacramento-San Joaquin Estuary. In pages 519-542. J.T. Hollibaugh (ed.) The San Francisco Bay: The ecosystem.  Further investigations into the natural history of San Francisco Bay and Delta with reference to the influence of man.  Friesen Printers, Altona, Manitoba.


Fish populations have declined markedly in the Sacramento-San Joaquin estuary. Evidence of factors contributing to the declining abundance of fishes is reviewed in the context of six pathways by which alteration of freshwater outflow to the estuary affects the survival of larval and juvenile fishes. Specific pathways include: 1) transport and entrainment, 2) retention in and/or advection from preferred habitats, 3) success and effects of invading species, 4) primary production and food web dynamics, 5) dilution and/or flushing of toxic compounds, and 6) the quantity and quality of shallow-water spawning/rearing habitat.  Clearly, ameliorating the effects of various factors (e.g., reducing entrainment, toxic runoff, and improving shallow water habitat) will improve conditions for fish. The current lack of life history information and on several of the most affected species and the need to prevent extinctions suggests that the most pragmatic and promising solution is to ensure adequate outflow to the estuary. The simultaneous declines of so many species with different habitat requirements and life history strategies is an indication of broad problems with the estuarine environment, especially in the Delta.
Hymanson, Z. and D. Sweetnam. 1997. Delta smelt concerns result in changes in SWP/CVP operations.  Interagency Ecological Program. IEP Newsletter 10(4):5-6.


State and federal export facility operations were modified in late May and early June 1997 in response to concerns over the distribution and high take of delta smelt. Salvage is used as a surrogate for take as there is no direct measure of delta smelt losses at these facilities and only delta smelt longer than 20 mm are considered to be take in the salvage operations. This year’s scenario of a large portion of delta smelt spawning directly in front of the export facilities and the lack of outflow to move delta smelt westward toward Suisun Bay elevated concerns to a high level.  In 1997, the CVP/SWP delta smelt salvage increased dramatically during May as young-of-the-year delta smelt grew large enough to be salvaged. The FWS biological opinion dealing with the effects of SWP /CVP operations on delta smelt uses various levels of combined SWP/CVP delta smelt salvage as triggers to initiate actions to reduce water project impacts on delta smelt. These thresholds include:  1) The 14-day running average of combined delta smelt salvage (also known as yellow light level) and 2) The cumulative total of combined salvage for each month (also known as red light level).  The yellow light level was exceeded by May 12 and the red light level was exceeded by May 16. By the end of May total monthly salvage 31,686 delta smelt) exceeded the red-light level more than three-fold. FWS identified four actions for immediate implementation: 1) Continue to hold the Delta Cross Channel gates open, 2) Maintain combined CVP/SWP exports at 2,250 cfs until June 8, 3) Maintain upstream water releases in the American River and Sacramento River and 4) Maintain an export/inflow ratio of 35%. All but the second item were implemented. Although these limited actions were intended to reduce take of delta smelt in late May and early June, combined salvage remained high through early June.  

Swanson, C. et al.  2000. Comparative environmental tolerances of threatened delta smelt (Hypomesus transpacificus) and introduced wakasagi (H. nipponensis) in an altered California estuary. Oecologia 123(3):384-390. 


In California's Sacramento-San Joaquin estuary, environmental protection and habitat restoration efforts directed at a threatened native osmerid, the delta smelt ( Hypomesus transpacificus), are complicated by the presence of a morphologically similar non-native congener, the wakasagi ( H. nipponensis), transported to the estuary from upstream reservoirs. In order to better define delta smelt critical habitat and to evaluate the potential for habitat overlap by these two species, we compared the tolerances of the two species to temperature, salinity, and water velocity, environmental factors that vary spatially and temporally within the estuary. For fishes acclimated to 17 oC and fresh water (0 ppt), we measured critical thermal maxima and minima, chronic upper salinity tolerance limits, and critical swimming velocities. Wakasagi had higher critical thermal maxima (29.1 oC vs. 25.4 oC for delta smelt), lower critical thermal minima (2.3 oC vs. 7.5 oC for delta smelt), higher upper salinity tolerances (26.8 ppt vs. 19.1 ppt for delta smelt), and swam faster (for 6-6.9 cm SL fish, 43.3 cm s-1) vs. 28.2 cm s-1 for delta smelt) than delta smelt. This suggests that the wide seasonal and year-to-year fluctuations in temperature, salinity, and flow typical in the estuary would not exclude wakasagi, although their eggs and larvae may be less tolerant. With respect to these factors, the native delta smelt may be at a physiological disadvantage, particularly in habitats with suboptimal environmental conditions, and may be excluded from shallow-water habitat restoration sites, which are characterized by poor circulation, low flows, and more environmentally extreme conditions. The low abundance of wakasagi in the estuary recorded to date may indicate that factors other than temperature, salinity, and flow determine wakasagi distribution.

Swanson, C. and J. Cech. 1995. Temperature and salinity tolerances of delta smelt. Interagency Ecological Program for the Sacramento-San Joaquin Estuary. Newsletter Autumn 1995. p 27-28.


Experiments were conducted using delta smelt of different standard lengths (SL): juveniles  (< 4.5 cm SL),  subadults (4.5-6.0 cm SL) and adults (> 6.0 cm SL) acclimated to seasonally appropriate ranges of temperature.  Temperature tolerance was measured in fish acclimated to both freshwater (0 ppt) and brackish water (4 ppt) as delta smelt may exhibit seasonal preference in salinity. Juveniles and adults are most abundant in the brackish entrapment zone; adults move upstream to freshwater prior to spawning. Temperature tolerance limits were measured in terms of critical thermal maxima (CT max) and minima (CT min). An increase in salinity to 4 ppt significantly increased the delta smelt tolerance to temperature increases. Fish size did not affect either CT max or CT min.  Delta smelt tolerated moderately acute changes in temperature and CT max was significantly affected by acclimation temperature. Acclimation temperatures of 12, 17 and 17 oC corresponded respectively to CT max of 21, 25 and 28 oC.  Upper salinity limit were 18.7 ppt at 17 oC and 19.2 ppt at 21 oC. Corresponding salinity limit for subadult and adults at 17 oC was 19.1 ppt.  These results show that delta smelt are euryhaline and their osmoregulatory capacity is fully developed by 3 months post-hatch, when the juveniles were tested.  These results contribute to define how temperature and salinity may limit delta smelt distribution and how within the fish’s range, these factors affect survival, physiology and behavior.
Sweetnam, D.A. 1999. Status of delta smelt in the Sacramento-San Joaquin Estuary. California Fish and Game 85(1):22-27.

 
The delta smelt, Hypomesus transpacificus, is a small, primarily annual euryhaline fish that reaches adult sizes of 60-80 mm fork length. Historically, it was one of the most common fishes in the Sacramento-San Joaquin Estuary where it is endemic. It resides primarily in, and near, the low salinity zone and it is considered environmentally sensitive and has a low fecundity for a fish with planktonic larvae. Delta smelt is exclusively planktivorous and dependent on a zooplankton community that has been greatly altered by exotic species. Unlike many fishes with similar life histories in the estuary, the abundance of delta smelt is not strongly affected by freshwater outflow or by the position of the 2 ‰ isohaline. Yet, population levels are high only in years with moderate to high outflow and the distribution of delta smelt in the estuary is strongly related to freshwater outflow. Delta smelt do not exhibit a strong stock-recruitment relationship as would be expected for a near-annual fish. Thus, environmental conditions may strongly contribute to population success.  Historically, delta smelt abundance fluctuated annually, but from the late 1970s or early 1980 to 1992, abundance was consistently low. Since 1992 abundance has varied dramatically between years and surveys. Salvage at the State Water Project and Central Valley has remained low due to take restrictions since 1983 and may no longer track abundance trends. Since the early 1990’s mean fork length of adult delta smelt captured by the fall midwater trawl survey has declined significantly from 63.0 mm in 1975-1991 to 53.9 mm in 1992-1997. In low outflow years, delta smelt are concentrated above the confluence of the Sacramento and San Joaquin rivers, whereas in higher outflow years the distribution extends through Suisun Bay. Because the potential for entrainment, predation, pollutant exposure and competition with wakasagi is greater in low outflow years, recovery criteria include distribution requirements.
USFWS. 1994. Formal consultation on the 1994 Operation of the Central Valley Project and State Water Project: Effects on delta smelt.  U.S Fish and Wildlife Service, Portland, OR.


This biological opinion addresses effects of the combined operations of the Central Valley Project (CVP) and State Water Project (SWP) on the delta smelt (Hypomesus transpacificus) from February 15, 1994, to February 15, 1995.  The biological opinion also incorporates the conference report, pursuant to 50 CFR 402.10, addressing project effects on the October 3, 1991, proposed delta smelt critical habitat.  This biological opinion indicates that the proposed combined CVP/SWP operations are likely to jeopardize the continued existence of the delta smelt and adversely modify or destroy proposed critical habitat for the delta smelt. The biological opinion does not address all of the interrelated and interdependent effects of this CVP/SWP action. Effects of the CVP/SWP on three other species (bald eagle, clapper rail and harvest mouse) were addressed in another biological opinion.
3. River Flow Objectives (Rio Vista)
Bennett, W. A. and P.B. Moyle. 1996. Where have all the fishes gone? Interactive factors producing fish declines in the Sacramento-San Joaquin Estuary. In pages 519-542. J.T. Hollibaugh (ed.) The San Francisco Bay: The ecosystem.  Further investigations into the natural history of San Francisco Bay and Delta with reference to the influence of man.  Friesen Printers, Altona, Manitoba.


Fish populations have declined markedly in the Sacramento-San Joaquin estuary. Evidence of factors contributing to the declining abundance of fishes is reviewed in the context of six pathways by which alteration of freshwater outflow to the estuary affects the survival of larval and juvenile fishes. Specific pathways include: 1) transport and entrainment, 2) retention in and/or advection from preferred habitats, 3) success and effects of invading species, 4) primary production and food web dynamics, 5) dilution and/or flushing of toxic compounds, and 6) the quantity and quality of shallow-water spawning/rearing habitat.  Clearly, ameliorating the effects of various factors (e.g., reducing entrainment, toxic runoff, and improving shallow water habitat) will improve conditions for fish. The current lack of life history information and on several of the most affected species and the need to prevent extinctions suggests that the most pragmatic and promising solution is to ensure adequate outflow to the estuary. The simultaneous declines of so many species with different habitat requirements and life history strategies is an indication of broad problems with the estuarine environment, especially in the Delta.

Swanson, C. et al.  2000. Comparative environmental tolerances of threatened delta smelt (Hypomesus transpacificus) and introduced wakasagi (H. nipponensis) in an altered California estuary. Oecologia 123(3):384-390. 


In California's Sacramento-San Joaquin estuary, environmental protection and habitat restoration efforts directed at a threatened native osmerid, the delta smelt ( Hypomesus transpacificus), are complicated by the presence of a morphologically similar non-native congener, the wakasagi ( H. nipponensis), transported to the estuary from upstream reservoirs. In order to better define delta smelt critical habitat and to evaluate the potential for habitat overlap by these two species, we compared the tolerances of the two species to temperature, salinity, and water velocity, environmental factors that vary spatially and temporally within the estuary. For fishes acclimated to 17 oC and fresh water (0 ppt), we measured critical thermal maxima and minima, chronic upper salinity tolerance limits, and critical swimming velocities. Wakasagi had higher critical thermal maxima (29.1 oC vs. 25.4 oC for delta smelt), lower critical thermal minima (2.3 oC vs. 7.5 oC for delta smelt), higher upper salinity tolerances (26.8 ppt vs. 19.1 ppt for delta smelt), and swam faster (for 6-6.9 cm SL fish, 43.3 cm s-1) vs. 28.2 cm s-1 for delta smelt) than delta smelt. This suggests that the wide seasonal and year-to-year fluctuations in temperature, salinity, and flow typical in the estuary would not exclude wakasagi, although their eggs and larvae may be less tolerant. With respect to these factors, the native delta smelt may be at a physiological disadvantage, particularly in habitats with suboptimal environmental conditions, and may be excluded from shallow-water habitat restoration sites, which are characterized by poor circulation, low flows, and more environmentally extreme conditions. The low abundance of wakasagi in the estuary recorded to date may indicate that factors other than temperature, salinity, and flow determine wakasagi distribution.

Swanson, C. and J. Cech. 1995. Temperature and salinity tolerances of delta smelt. Interagency Ecological Program for the Sacramento-San Joaquin Estuary. Newsletter Autumn 1995. p 27-28.


Experiments were conducted using delta smelt of different standard lengths (SL): juveniles (< 4.5 cm SL), subadults (4.5-6.0 cm SL) and adults (> 6.0 cm SL) acclimated to seasonally appropriate ranges of temperature.  Temperature tolerance was measured in fish acclimated to both freshwater (0 ppt) and brackish water (4 ppt) as delta smelt may exhibit seasonal preference in salinity. Juveniles and adults are most abundant in the brackish entrapment zone; adults move upstream to freshwater prior to spawning. Temperature tolerance limits were measured in terms of critical thermal maxima (CT max) and minima (CT min). An increase in salinity to 4 ppt significantly increased the delta smelt tolerance to temperature increases. Fish size did not affect either CT max or CT min.  Delta smelt tolerated moderately acute changes in temperature and CT max was significantly affected by acclimation temperature. Acclimation temperatures of 12, 17 and 17 oC corresponded respectively to CT max of 21, 25 and 28 oC.  Upper salinity limit were 18.7 ppt at 17 oC and 19.2 ppt at 21 oC. Corresponding salinity limit for subadult and adults at 17 oC was 19.1 ppt.  These results show that delta smelt are euryhaline and their osmoregulatory capacity is fully developed by 3 months post-hatch, when the juveniles were tested.  These results contribute to define how temperature and salinity may limit delta smelt distribution and how within the fish’s range, these factors affect survival, physiology and behavior.

Sweetnam, D. 1997. Delta smelt investigations. Interagency Ecological Studies Program for the Sacramento-San Joaquin Estuary. IEP Newsletter 10(2):32-34. 


Both 1995 and 1996 were wet years, but delta smelt abundance index was higher in 1995. The 1995 water year was a stressor year to delta smelt because of extremely high outflow. The 1996 results are disturbing because spring habitat conditions in Suisun Bay (X2 isohaline was in Suisun Bay for 80 days) predicted a relatively good fall abundance. Thus, other factors were more important in determining delta smelt population strength in these years. The 1996 year class appears to have been more abundant than the 1995 year class until August. However, salvage of delta smelt at the CVP and SWP was much higher in 1996 than in 1995. In all, 91,447 delta smelt were salvaged at the State Water Project and Central Valley Project facilities in 1996 as compared to 2,578 in 1995.  The 1996 salvage exhibits the two characteristic peaks of delta smelt salvage: a small peak  in January or February resulting from adult delta smelt moving upstream into freshwater to spawn, and a larger peak in May-July of young of the year delta smelt. The 1995 salvage pattern is interesting in that no young-of-the-year delta smelt were salvaged in May July. This was the first year of record that no delta smelt were salvaged in late spring and early summer. Thus, delta smelt nursery habitat may have been completely downstream of the influence of the pumping facilities in 1995.
Sweetnam, D.A. 1999. Status of delta smelt in the Sacramento-San Joaquin Estuary. California Fish and Game 85(1):22-27.
 
The delta smelt, Hypomesus transpacificus, is a small, primarily annual euryhaline fish that reaches adult sizes of 60-80 mm fork length. Historically, it was one of the most common fishes in the Sacramento-San Joaquin Estuary where it is endemic. It resides primarily in, and near, the low salinity zone and it is considered environmentally sensitive and has a low fecundity for a fish with planktonic larvae. Delta smelt is exclusively planktivorous and dependent on a zooplankton community that has been greatly altered by exotic species. Unlike many fishes with similar life histories in the estuary, the abundance of delta smelt is not strongly affected by freshwater outflow or by the position of the 2 ‰ isohaline. Yet, population levels are high only in years with moderate to high outflow and the distribution of delta smelt in the estuary is strongly related to freshwater outflow. Delta smelt do not exhibit a strong stock-recruitment relationship as would be expected for a near-annual fish. Thus, environmental conditions may strongly contribute to population success.  Historically, delta smelt abundance fluctuated annually, but from the late 1970s or early 1980 to 1992, abundance was consistently low. Since 1992 abundance has varied dramatically between years and surveys. Salvage at the State Water Project and Central Valley has remained low due to take restrictions since 1983 and may no longer track abundance trends. Since the early 1990’s mean fork length of adult delta smelt captured by the fall midwater trawl survey has declined significantly from 63.0 mm in 1975-1991 to 53.9 mm in 1992-1997. In low outflow years, delta smelt are concentrated above the confluence of the Sacramento and San Joaquin rivers, whereas in higher outflow years the distribution extends through Suisun Bay. Because the potential for entrainment, predation, pollutant exposure and competition with wakasagi is greater in low outflow years, recovery criteria include distribution requirements.

USFWS. 1994. Formal consultation on the 1994 Operation of the Central Valley Project and State Water Project: Effects on delta smelt.  U.S Fish and Wildlife Service, Portland, OR.


This biological opinion addresses effects of the combined operations of the Central Valley Project (CVP) and State Water Project (SWP) on the delta smelt (Hypomesus transpacificus) from February 15, 1994, to February 15, 1995.  The biological opinion also incorporates the conference report, pursuant to 50 CFR 402.10, addressing project effects on the October 3, 1991, proposed delta smelt critical habitat.  This biological opinion indicates that the proposed combined CVP/SWP operations are likely to jeopardize the continued existence of the delta smelt and adversely modify or destroy proposed critical habitat for the delta smelt. The biological opinion does not address all of the interrelated and interdependent effects of this CVP/SWP action. Effects of the CVP/SWP on three other species (bald eagle, clapper rail and harvest mouse) were addressed in another biological opinion.
4.  River flow objectives: San Joaquin River at Airport Way Bridge, Vernalis, 

February - April 14 and May 16 - June.
Bennett, W. A. and P.B. Moyle. 1996. Where have all the fishes gone? Interactive factors producing fish declines in the Sacramento-San Joaquin Estuary. In pages 519-542. J.T. Hollibaugh (ed.) The San Francisco Bay: The ecosystem.  Further investigations into the natural history of San Francisco Bay and Delta with reference to the influence of man.  Friesen Printers, Altona, Manitoba.


Fish populations have declined markedly in the Sacramento-San Joaquin estuary. Evidence of factors contributing to the declining abundance of fishes is reviewed in the context of six pathways by which alteration of freshwater outflow to the estuary affects the survival of larval and juvenile fishes. Specific pathways include: 1) transport and entrainment, 2) retention in and/or advection from preferred habitats, 3) success and effects of invading species, 4) primary production and food web dynamics, 5) dilution and/or flushing of toxic compounds, and 6) the quantity and quality of shallow-water spawning/rearing habitat.  Clearly, ameliorating the effects of various factors (e.g., reducing entrainment, toxic runoff, and improving shallow water habitat) will improve conditions for fish. The current lack of life history information and on several of the most affected species and the need to prevent extinctions suggests that the most pragmatic and promising solution is to ensure adequate outflow to the estuary. The simultaneous declines of so many species with different habitat requirements and life history strategies is an indication of broad problems with the estuarine environment, especially in the Delta.

Poage, V. 2004. Why we do a “post-VAMP shoulder for delta smelt. Interagency Ecological Program for the Sacramento-San Joaquin Estuary.  Newsletter  17(2):44-49.


The delta smelt Hypomesus transpacificus is endemic to the San Francisco Estuary and the Sacramento-San Joaquin Delta, which has undergone a profound transformation over the past 150 years. The delta smelt are listed as threatened under the federal Endangered Species Act of 1973. Although highly variable, delta smelt fall abundance indices have exhibited a marked decline over the past 30 years. The VAMP provides fisheries benefits during a 31 day April-May pulse flow period by reducing export pumping and increasing flows in the San Joaquin River and its tributaries. Should the CVP and SWP resume full export capability immediately following the VAMP, it is conceivable that planktonic delta smelt larvae in the South Delta would in many years suffer very high entrainment losses. Extending export curtailment beyond the VAMP (Post-VAMP shoulder) is intended to improve habitat and afford delta smelt larvae the opportunity to move north and west toward rearing areas in Suisun Bay, Suisun Marsh and the Lower Sacramento River. Water that is not exported during the post-VAMP shoulder curtailment must either be accounted for under CVPIA §3406(b)(2) or reimbursed by the EWA.  To benefit delta smelt, water from the Environmental Water Account allows curtailment of water project export pumping, which directly reduces incidental take at the Central Valley Project and State Water Projects pumps in the South Delta. Pumping curtailments from January through March minimize take of pre-spawning and spawning adult delta smelt. Actions taken in April through June minimize take of late-spawning adults or larvae and juveniles. After June delta smelt emigrate from the south Delta and are no longer vulnerable to entrainment. Decision criteria for implementing the post-VAMP shoulder are found in the delta smelt decision tree (Nobriga et al. 2001).

USFWS. 1994. Formal consultation on the 1994 Operation of the Central Valley Project and State Water Project: Effects on delta smelt.  U.S Fish and Wildlife Service, Portland, OR.


This biological opinion addresses effects of the combined operations of the Central Valley Project (CVP) and State Water Project (SWP) on the delta smelt (Hypomesus transpacificus) from February 15, 1994, to February 15, 1995.  The biological opinion also incorporates the conference report, pursuant to 50 CFR 402.10, addressing project effects on the October 3, 1991, proposed delta smelt critical habitat.  This biological opinion indicates that the proposed combined CVP/SWP operations are likely to jeopardize the continued existence of the delta smelt and adversely modify or destroy proposed critical habitat for the delta smelt. The biological opinion does not address all of the interrelated and interdependent effects of this CVP/SWP action. Effects of the CVP/SWP on three other species (bald eagle, clapper rail and harvest mouse) were addressed in another biological opinion.
5.  San Joaquin River at Airport Way Bridge, Vernalis: 31 day Pulse Flow objectives                                                                               

for April 15 - May 15.

Bennett, W. A. and P.B. Moyle. 1996. Where have all the fishes gone? Interactive factors producing fish declines in the Sacramento-San Joaquin Estuary. In pages 519-542. J.T. Hollibaugh (ed.) The San Francisco Bay: The ecosystem.  Further investigations into the natural history of San Francisco Bay and Delta with reference to the influence of man.  Friesen Printers, Altona, Manitoba.


Fish populations have declined markedly in the Sacramento-San Joaquin estuary. Evidence of factors contributing to the declining abundance of fishes is reviewed in the context of six pathways by which alteration of freshwater outflow to the estuary affects the survival of larval and juvenile fishes. Specific pathways include: 1) transport and entrainment, 2) retention in and/or advection from preferred habitats, 3) success and effects of invading species, 4) primary production and food web dynamics, 5) dilution and/or flushing of toxic compounds, and 6) the quantity and quality of shallow-water spawning/rearing habitat.  Clearly, ameliorating the effects of various factors (e.g., reducing entrainment, toxic runoff, and improving shallow water habitat) will improve conditions for fish. The current lack of life history information and on several of the most affected species and the need to prevent extinctions suggests that the most pragmatic and promising solution is to ensure adequate outflow to the estuary. The simultaneous declines of so many species with different habitat requirements and life history strategies is an indication of broad problems with the estuarine environment, especially in the Delta.

USFWS. 1994. Formal consultation on the 1994 Operation of the Central Valley Project and State Water Project: Effects on delta smelt.  U.S Fish and Wildlife Service, Portland, OR.


This biological opinion addresses effects of the combined operations of the Central Valley Project (CVP) and State Water Project (SWP) on the delta smelt (Hypomesus transpacificus) from February 15, 1994, to February 15, 1995.  The biological opinion also incorporates the conference report, pursuant to 50 CFR 402.10, addressing project effects on the October 3, 1991, proposed delta smelt critical habitat.  This biological opinion indicates that the proposed combined CVP/SWP operations are likely to jeopardize the continued existence of the delta smelt and adversely modify or destroy proposed critical habitat for the delta smelt. The biological opinion does not address all of the interrelated and interdependent effects of this CVP/SWP action. Effects of the CVP/SWP on three other species (bald eagle, clapper rail and harvest mouse) were addressed in another biological opinion.
6. Additional Relevant Literature on Fish Status and Impacts
Bryant. M .and K. Souza 2004. Summer townet survey and fall midwater trawl survey status and trends.  Interagency Ecological Program IEP Newsletter 17(2): 14-17.


The summer tow net survey (TNS) and the Fall Mid Water Trawl are conducted annually to evaluate the abundance and population trends of fish species (striped bass, delta smelt, longfin smelt, American shad and splittail). The TNS samples 32 sites and has been conducted since 1959. The FMWT samples 116 sites and began in 1967. The majority of the annual indices of relative abundance calculated from these two long-term monitoring projects are decreasing, and many are at all-time lows. For example, the 2003 TNS survey was the second lowest for stripped bass and the lowest for delta smelt since 1988. The 2003 FMWT index for longfin smelt was the third lowest and decreased significantly from the previous year. 
Kuvila, K. and G.E Moon. 2002. Exposure of delta smelt to dissolved pesticides in 2000. Interagency Ecological Program Sacramento-San Joaquin Estuary Newsletter 15(2):42-45.


The detection of multiple pesticides in all samples collected in delta smelt habitat in spring and summer of 2000 was similar to the findings in 1998 and 1999 (Moon and others 2000). Elevated pesticide concentrations in the Delta and at the confluence co-occurred with the presence of larval and juvenile delta smelt for weeks to several months. Although these concentrations are well below LC50 values (Tomlin 1997), the concentrations could potentially cause sublethal effects on delta smelt, especially during early larval development. The combination of multiple pesticides and chronic exposure could hinder growth rate, reproduction, and swimming performance, or indirectly, cause such effects as alteration of diet (Rand 1995). More information on chronic exposure to pesticide mixtures is needed to evaluate the potential effects of environmental pesticide exposures on the delta smelt population.
Kuivila, K.M. and G.E. Moon. 2004. Potential exposure of larval and juvenile delta smelt to dissolved pesticides in the Sacramento-San Joaquin Delta, California. American Fisheries Society Symposium 39:229-241. 


The San Francisco Estuary is critical habitat for delta smelt Hypomesus transpacificus, a fish whose abundance has declined greatly since 1983 and is now listed as threatened. In addition, the estuary receives drainage from the Central Valley, an urban and agricultural region with intense and diverse pesticide usage. One possible factor in the delta smelt population decline is pesticide toxicity during vulnerable larval and juvenile stages, but pesticide concentrations are not well characterized in delta smelt spawning and nursery habitat. The objective of this study was to estimate the potential exposure of delta smelt during their early life stages to dissolved pesticides.  For three years (1998-2000), water samples from the Sacramento-San Joaquin Delta were collected during April-June in coordination with the California Department of Fish and Game’s delta smelt early life stage monitoring program. Samples were analyzed for pesticides using solid phase extraction and gas chromatography / mass spectrometry. Water samples contained multiple pesticides, ranging from 2 to 14 pesticides in each sample. In both 1999 and 2000, elevated concentrations of pesticides overlapped in time and space with peak densities of larval and juvenile delta smelt. In contrast, high spring outflows in 1998 transported delta smelt away from the pesticide sampling sites so that exposure could not be estimated. During 2 years, larval and juvenile delta smelt were potentially exposed to a complex mixture of pesticides for a minimum of 2-3 weeks. Although the measured concentrations were well below short term (96 h) LC50 values for individual pesticides, the combination of multiple pesticides and length exposure duration could potentially have lethal or sublethal effects on delta smelt, especially during early larval development.

.
Moyle, P.B. and D. White. 2002.  Effects of screening diversions on fish populations in the Central Valley: What do we know?  A report for the Science Board, CALFED Ecosystem Restoration Program.


The effectiveness of screening diversions in the Central Valley, especially those on streams, has not been well evaluated.  Not only are pre-screening studies few, but published studies to demonstrate how well existing screens are working are even fewer. Existing reports are primarily in-house documents by agency staff that have gone through little or no outside peer review.  The few evaluations available focus on large diversions, the pumping plants in the South Delta, and small Delta diversions.  Not surprisingly, there are at best only limited answers to the questions posed in the introduction.  In the absence of screens, how many fish, and what kinds, are entrained by the remaining unscreened diversions? There is no doubt that at times large numbers of juvenile salmonids and various other species of concern are entrained by diversions, especially by large diversions or small diversions on spawning tributaries. Yet the quantification of this is very poor. The few studies that exist tend to find that alien species or abundant natives (e.g., Sacramento sucker) are the principal species diverted, especially in small (<40 cfs) diversions. Diversions that have been perceived to be major problems (mainly large riverine diversions) appear to have been screened, so the remaining unscreened diversions are mainly small ones.  The existing data suggests that such diversions, especially on main stem rivers, have low or no impact on fish populations although little definitive can be said about this issue until studies are undertaken to evaluate both individual and cumulative impacts. 
*National Coastal Condition Report. 2001. United States Environmental Protection Agency. Office of Research and Development/ Office of Water, Washington DC. EPA-620/R-01/005.


The U.S. Department of Agriculture, the U.S. Environmental Protection Agency and seven other federal agencies developed a Clean Water Action Plan to protect public health and restore the nation’s waterways through 111 key actions. Key action No. 60 calls for the development of a comprehensive report on the condition of the nation’s coastal waters. Seven primary indicators are used to rate coastal condition: water clarity, dissolved oxygen, coastal wetland loss, eutrophic condition, sediment contamination , benthic index and fish tissue contaminants. The following condition was reported for San Francisco Bay: Sediment contaminants (poor), Fish tissue contaminants (poor). The fish in the estuary contain several contaminants at levels high enough to raise concern for the health of both humans and wildlife. Over 50% of the fish examined exceeded screening values for mercury and PCBs reflecting the potential for human health concerns and the need for further study. Concentration of dioxin screening values was exceeded in 100% of fish examined. Screening values for DDT, chlordane and dieldrin were exceeded in 15% to 37% of the fish sampled. The fish collected from the Oakland Harbor region contained the highest concentrations of contaminants. The level of contamination is still high enough to impair the health of the San Francisco Bay Estuary. Overall, the sites in the lower South Bay, the Petaluma River mouth, and San Pablo Bay are more contaminated than other Bay sites. Mercury, PCB’s diazinon and chlorpyrifos are of the highest concern, followed by copper, nickel, zinc, DDT, chlordane, dieldrin, dioxins and PAH’s. (polycyclic aromatic hydrocarbons). 

Nobriga, M. et al. 1999. Delta smelt concerns result in changes in SWP and CVP operations.  Interagency Ecological Program for the Sacramento-San Joaquin Estuary. Newsletter. 12(3):33-34.


State and federal export facility operations were modified in May and June in response to concerns over the distribution and high salvage of delta smelt at the SWP and CVP Delta pumping facilities. Year 1999 was an above –normal (San Joaquin Basin) to wet (Sacramento Basin) water year but the distribution of young of year (YOY) delta smelt was more typical of a dry  year hydrology with a greater proportion of the population remaining  in the Delta through spring and early summer. It is uncertain why delta smelt remained in the delta for so long and temperature may be an important factor. Similar to 1997, a large young-of the year delta smelt population in the central Delta resulted in a higher take at the SWP and CVP facilities. The US Fish and Wildlife Service biological opinion dealing with the effects of SWP and CVP operations on delta smelt uses two levels of combined SWP and CVP delta smelt salvage as triggers to initiate actions to reduce water project impacts on delta smelt. These thresholds include the yellow light level (14-day running average of combined delta smelt salvage) and the red light level (the cumulative total of combined salvage for each month).  Red light levels for below-normal water years are generally higher than for above- normal water years. In 1999 the combined CVP and SWP delta smelt salvage increased dramatically during May and the yellow light level was exceeded by 18 May and by the end of May total monthly salvage (58,568 delta smelt)  exceeded the red light level six fold.   By the end of June, combined monthly salvage (73,380 delta smelt) exceeded the red light level by nearly seven fold. During the past six years the projects have exceeded the red light level in May four times but this is the first time the projects have exceeded the red light level two months in a row. This year’s salvage is particularly anomalous since delta smelt have usually moved downstream by June.  Maintaining low exports levels was the primary action for minimizing delta smelt take in 1999. Export/Inflow (E/I) ratios ranged from 9% to 22% during May and most June and did not approached the 35% limit specified by the delta smelt biological opinion until June 28 

Nobriga, M.L. et al. 2004. Evaluating entrainment vulnerability to agricultural irrigation diversions: a comparison among open –water fishes.  American Fisheries Society Symposium 39: 281-295.


In July 2000 and 2001, adjacent screened and unscreened agricultural irrigation diversions were sampled in the Sacramento, River, California to: (1) evaluate the effectiveness of a custom fish screen for excluding four open-water fishes: native delta smelt, Hypomesus transpacificus, the alien threadfin shad Dorosoma petenense, inland silverside Medidia beryillina, and striped bass Morone saxatilis; and (2) examine factors affecting entrainment of each species. Trawl and beach seine data were compiled from contemporaneous monitoring programs to make inferences about microhabitat use by these fishes and its implications for entrainment vulnerability. The fish screen reduced entrainment of each species by 99% or more and excluded many fish less than 25 mm, the approximate minimum length it was designed to exclude. Tidal and diel influences on entrainment through the unscreened diversion were observed, but diel cycles appeared to be more important, as most entrainment occurred at night or during crepuscular periods. Except for delta smelt, results suggested that open-water fishes may undergo ontogenic changes in vulnerability to unscreened irrigation diversions. Fishes entrained during daylight (threadfin shad and inland silverside were 22-25 mm, even though larvae continued to be entrained. Similarly, a diel influence on striped bass entrainment was observed only in 2000, when individuals larger than 20 mm were consistently collected. No striped bass were collected at sizes greater than 35 mm, even though larger individuals occupied the study area. No evidence of size related changes in delta smelt vulnerability to entrainment was found, but the monitoring data indicated that delta smelt were abundant offshore, whereas the other three species were most abundant nearshore. The low and inconsistent entrainment of delta smelt may have reflected: 1) predominantly offshore habitat use by delta smelt, and 2) the relatively small hydrodynamic influence of the diversion. 
*Spaar, S. 1994. Delta agricultural diversion evaluation 1992 pilot study. Interagency Ecological Program for the San Francisco Bay Delta Estuary. Technical Report 37. 


Entrainment to agricultural diversions may be a significant source of mortality for early life stages of some Delta fish species. This pilot study focused on refining sampling techniques and assessing the suitability of four diversion sites. The McDonald Tract site was included to test the effectiveness of a fish screen installed on that intake. Sampling was conducted in diversions and adjacent channels from April to October 1992 for eggs and larvae, with some sampling for juveniles and older fish. Vulnerability of eggs and larval fish to entrainment tends to vary between species and appears to depend on seasonal occurrence, abundance, and distribution of a species in the adjacent Delta channel and on operations of the diversion.  Larval threadfin shad at the McDonald tract were more susceptible to entrainment than channel density indicated. Density in the diversions was significantly higher than in the channel.  Fish screen test indicated no significant differences between unscreened and screened density of threadfin shad eggs. Density of larval threadfin shad and chameleon goby was significantly lower with screens and without; the same was evident for centrarchids.  The screen was effective in reducing entrainment of larvae 4-5 mm TL and larger.

*State of the Estuary. 2004. Changes & challenges. San Francisco Bay Sacramento-San Joaquin River Delta Estuary. San Francisco Estuary Project & CALFED October 2003 State of the Estuary Proceedings. Oakland, CA, 88 pp.


This report describes the current state of San Francisco Bay-Sacramento-San Joaquin Delta  Estuary’s environment. – Waters, wetlands, wildlife, watersheds and the aquatic ecosystem. It also highlights new restoration research, explores outstanding science questions and offers take home notes for those working to protect California’s water supplies and endangered species. The report summarizes restoration and rehabilitation recommendations drawn from the 43 presentations and 129 posters of the October 2003 State of the Estuary Conference and on related research. The report also provides some vital statistics about changes in the estuary’s fish and wildlife populations, pollution levels and flows over the past two yeas.

*Wang, J.C.S. and R.L. Brown 1993. Observations of early life stages of delta smelt, Hypomesus transpacificus in the Sacramento-San Joaquin Estuary in 1991, with a review of its ecological status in 1988 to 1990. Interagency Ecological Studies Program for the Sacramento-San Joaquin Estuary. Technical Report 35: 18 p + Appendix.


The delta smelt is a brackish-water fish found only in the Sacramento-San Joaquin estuary. Historically, delta smelt has been found in Suisun Bay, Montezuma Slough, and into the delta sloughs.  In about 1983 or 1984, its population in the Suisun Bay area declined rapidly, and recently it has been concentrated mostly in the lower Sacramento River portion of the Delta. From 1988 to 1990, major spawning grounds of delta smelt were near Bradford Island. Probably because of the low flows, delta smelt spawned farther inland in 1991, with major spawning grounds in the eastern delta, toward the Mokelumne River and Venice Island, and in the mid-Sacramento River area near Isleton. Delta smelt also spawned in the Mokelumne River and Cache Slough. Over the period 1988 to 1991, spawning season has been February through June, with peak in April and May. Spawning pulses were not observed. The Delta appears to have been the most important nursery area for delta smelt in 1988 to 1991. The “slough habitat” of the Delta may have provided the necessary food and environment for rearing larvae.
