
 MEMORANDUM         
 

   
   
 

TO: SLDMWA Board of Directors, Alternates 

FROM: Griffin Hill, Science Intern 
Rebecca Akroyd, Interim General Counsel 

DATE: August 13, 2018 

RE: Authorization to Expend Funds in FY19 Budget for Science Projects 

   

BACKGROUND 
 
In early 2018, State and Federal Contractors Water Association (“SFCWA”) staff prepared a list of 
scientific studies that would (1) be managed by SFCWA or (2) managed by the Water Authority 
or State Water Contractors (“SWC”), and (3) those that would have management responsibility 
determined at a later date.  Subsequently, the Water Authority agreed to manage a number of 
studies previously discussed with this board.1 
 
The list of studies in the third category included a study to develop an eDNA monitoring tool for 
the detection of Delta Smelt.  This study has the potential to reduce the reliance upon assumption 
and individual judgment in the management of Delta Smelt. In addition, a Delta Smelt Science 
Plan that Dr. Denise Reed is working on will provide a unified approach to generating 
management relevant knowledge around Delta Smelt, ensuring decision making is carried out in 
an informed, efficient manner.  The Water Authority previously jointly funded the first and 
second tasks of Dr. Reed’s work.  The eDNA work represents an important interim effort that can 
be built upon through the implementation of the Delta Smelt Science Plan once it is completed.  
 
The SWC Board of Directors recently voted to fully fund the eDNA study ($126,000) and task 3 of 
the Delta Smelt Science Plan ($36,000).  They are seeking partners to jointly fund both efforts.   

 
RECOMMENDATION 

 
Staff recommend the Board of Directors approve partial funding of the two actions referenced 
above, in total up to $75,000.  

 

                                                
1 Studies include: Tule Red Mudflat Study and Interior Delta Export Effects Study (with Water Authority 
funds); 2016/17 Blooms Analysis and Yellow Starthistle Study (with SFCWA funds); and the Rice Fields Fish 
Food study (with both Water Authority and SFCWA funds). 
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ADDITIONAL INFORMATION 
 
1.  eDNA Monitoring Tool Development for Delta Smelt Detection: With Delta Smelt abundance 
at critical levels, even monitoring this species is becoming limited by “take” considerations under 
the State and Federal Endangered Species Acts. Given this difficulty, techniques that can provide 
presence/absence or abundance information without direct contact with the target species are 
of increased value. eDNA has the potential to be applied as such a technique to generate 
biological information on rare or cryptic species without “take.” This proposal would work to 
adapt existing eDNA tools to the unique challenges of a tidally mixed aquatic system such as the 
Delta. The specific product would be a tool that is able to detect presence/absence in a tidal 
system with reference to space and time. Additionally, the project will develop a modeled 
framework for making “informed inferences about how far away the detected species might be, 
given a positive detection.” This work is a component of a shorter-term approach to Delta Smelt 
problem solving. 
 
2.  Denise Reed Delta Smelt Science Plan: The Delta Smelt science plan is intended to help direct 
research and monitoring efforts and ultimately increase the understanding the effects of various 
management actions. CAMT has identified Dr. Denise Reed as the desired leader for this effort. 
Dr. Reed has completed Task 2 (which was, in part, funded by the Water Authority) and delivered 
a summary of current scientific understanding and monitoring of Delta Smelt. Task 3 will build on 
the progress to date by selecting actions and developing performance measures that will 
constitute the bulk of a Delta Smelt Science Plan. This takes the analytical framework offered by 
a state of the science summary and applies it to the consideration of specific actions. This will 
include objectives and attributes upon which to measure and assess proposed actions. Task 3 will 
provide the foundation upon which the final science plan will be constructed, including 
engagement with existing science entities and the identification of specific metrics for measuring 
impacts on Delta Smelt. The Science Plan is a longer term effort with significant potential to shift 
the conversation toward science-based adaptive management. 
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Title: Development of eDNA monitoring tool for detection of Delta Smelt 
 
Purpose/Objective: 
The overarching goal of this project is to: 

 Develop an accepted eDNA monitoring tool for species detection in tidally mixed aquatic ecosystems in 
the Delta, and to advance eDNA aquatic monitoring towards a state-of-science that can be applied in the 
context of scientific, policy, and regulatory decision-making. 

Specific objectives for the eDNA monitoring tools related to species detection include the ability to:  

 Detect presence and absence of species in a tidally influenced area with reference to space and time. 

 Make informed inferences about how far away the detected species might be, given a positive detection 

within a collected sample. 

Background: 
The Delta Smelt (Hypomesus transpacificus, McAllister) is a small pelagic fish (120 mm maximum length) 

endemic to the San Francisco Estuary that has experienced a significant decline in population abundance over 

the past few decades.  Dramatic alterations of the estuary have been ongoing since the Gold Rush (mid 19th 

century), with the current ecosystem inhospitable to native species.  The inadequacy of existing habitat to 

sustain Delta Smelt is exemplified by decreasing population abundance observed in long term monitoring 

programs, with declines becoming particularly acute in the early 2000’s.  The low encounter rates (high 

frequency of zero catches) results in survey estimate imprecision, although measurement precision is not 

reported for abundance indices.  Additionally, low population abundance restricts “take” under the State and 

Federal Endangered Species Act, which limits activities permitted to target Delta Smelt.  Current monitoring is 

insufficient to associate species occurrence with relevant habitat attributes; however, monitoring enhancements 

needed to evaluate population recovery cannot be implemented due to perceived impacts.  Therefore, 

alternative approaches are needed to obtain biological information on rare, cryptic species that do not require 

“take” authorization.  One of the most compelling approaches likely applies molecular diagnostic methods that 

detect species-specific DNA in the environment (Environmental DNA; eDNA). 

Environmental DNA methods provide a means to address limitations of visual surveys, because they are 1) cost 

effective and feasible to deploy over a large survey area 2) unambiguously identify target organisms and 3) are 

sensitive, capable of detecting trace amounts of DNA in sampled material. The eDNA approach differs from 

traditional sampling in that a given survey does not capture the target organisms themselves, but the biological 

material those organisms leave in their environment.  To use Delta Smelt eDNA information effectively in a 

regulatory context, a mathematical model is required that describes the relationship between DNA detection 

(positives, negatives) and the three main variables (volume, distance and biomass) influencing detection of DNA 

particles within an aquatic unidirectional or tidally-influences system.  The relationship is needed to reliably 
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determine that when a positive detection for Delta Smelt occurs one can estimate how far away the DNA could 

have traveled (given a biomass).           

To this end, we have completed six experiments in a semi-controlled environment investigating the respective 

roles that sample volume and sampling distance play in the detection of Delta Smelt eDNA.  These experiments 

supported the development and parameterization of two candidate mathematical models we compared.  The 

first model uses a binomial distribution (can we detect Delta smelt DNA or not), providing a means of predicting 

within what range of distances, volumes, and biomass gives us the highest detection probability.  The second 

model is linear in nature, which enables independent evaluation of each variable’s (distance, volume, and 

Biomass) effect on the quantity of eDNA that was detected (i.e. what affects the strength of the detectable 

signal).  Our observations show that both volume and distance are important predictors for a positive or 

negative detection of eDNA within a sample event (Figure 1).  Yet, specific important questions remain about 

how these factors interact under different hydrological conditions (i.e. not sampling during the wettest year on 

record).  Our planned experiments (see below) are designed to 1) fill in the most pressing gaps in our current 

knowledge needed to inform our existing model and 2) to test the performance of our predictive model under 

realistic field conditions (tidally influenced habitat).  

 

Figure 1. Results from past experiments, grouped here for illustration purposes, indicate distance has a negative 

effect on detection strength, while increasing the filtered sample volume may increase detection strength, 

especially at distance.  The simple linear trend line is added for visualization, and does not necessarily represent 

the slope of regression models on the data from individual experiments 

 
Project Summary (narrative and task table): 
Given experimentation to date, we have concluded that the linear model is the approach to pursue that will 

describe the distance away DNA could have traveled and be detected at a collection point, given a certain 

biomass.  We describe below four targeted experiments intended to eliminate, reduce, or define laboratory 
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and/or field statistical uncertainties.  Following experiments, model can be applied to a tidal habitat, which is 

where the Delta Smelt are thought occur.   

𝑦𝑖  ~ Normal(𝜇𝑖, 𝜎) 

𝜇𝑖 =  𝛼 +  𝛽𝑥𝑣𝑜𝑙𝑢𝑚𝑒 + 𝛽𝑥𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 + 𝛽𝑥𝑏𝑖𝑜𝑚𝑎𝑠𝑠 

σ ~ Uniform(0, 10) 

Planned Experiments 

Experiment 1 is designed to eliminate laboratory technical replication as a potential source of variation 

(uncertainty) in eDNA detection results.  To verify that positive or negative detection in the lab is consistent 

irrespective of number of replicates analyzed.  A randomized group of samples from previous experiments will 

be re-analyzed by generating ten technical replicates from each sample and re-running qPCR analysis.  Ideally, 

the least number of replicates would be run for an analysis that showed a sample was either positive or negative 

for Delta Smelt DNA. To do this we must determine the minimum number of technical replicates needed for 

consistent determination of Delta Smelt DNA presence.  

Experiment 2 will quantify the effect of sample volume as a continuous, rather than categorical, predictor of 

detection strength.  Our previous experiments suggested increasing the filtered sample volume may increase 

detection strength, especially at distance.  This experiment will analyze eDNA samples generated by filtering 

water across fine volume increments to more precisely define the relationship volume has on DNA detection.  

Using high-precision water collection equipment, we will filter sample volumes of water in 1ml increments that 

contain a known concentration of eDNA.  Each sample will then be analyzed with qPCR and the effect of volume 

on detection signal strength will be incorporated into the model.  Both Experiments 1 and 2 can be done “in-

house” at Cramer Fish Sciences, with no field component required. 

Experiment 3 is designed to help us understand how changing field conditions affect detectability at different 

volumes and distances.  We will repeat the field experiment during the winter months that we previously 

conducted at the CVP during the summer months. Warmer summer conditions led to premature mortality of 

many of the Delta Smelt in the live car.  During the winter months, water temperature will be lower and survival 

conditions for the fish more favorable, thus mimicking more natural conditions.  We will then be able to 

compare the signal strength of eDNA from live fish during a more typical encounter period at the CVP to that of 

the fish used in the summer experiments.  We will be looking at variability due to changing field conditions.  All 

other measured sampling variables (volume, distance and biomass) will be held constant. 

Experiment 4, we will quantify the interactions term between volume and distance in the detection strength 

of eDNA.  Previous experiments have suggested that Delta Smelt DNA detection signal decreases with distance, 

but increasing water filtration volume may counteract signal strength loss.  In other words, a statistical 

interaction has been observed between volume and distance.  Defining this interaction term mathematically is 

needed to refine model relationships and extend the model to tidal (bi-directional) conditions.  The experiment 

will be conducted in a 200m flume at the UC Davis Hydraulics Laboratory facility.  Samples will be taken in even 

increments at varying levels of both distance and volume, in a fractional factorial design.  Upon completion, we 

will have a much greater understanding of how the effect of one variable impacts the effect of the other on the 

detection strength of eDNA in the field.   
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𝜇𝑖 =  𝛼 +  𝛽𝑥𝑣𝑜𝑙𝑢𝑚𝑒 + 𝛽𝑥𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 + 𝛽𝑥𝑏𝑖𝑜𝑚𝑎𝑠𝑠 + 𝛽𝑥𝑣𝑜𝑙𝑢𝑚𝑒 𝑥 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 

 

Experiment 5 (TBD)will provide the opportunity to validate our detection model in a fully tidal system.  The 

primary sampling characteristics and modeling predictions will form the basis for an experimental design 

deployed in a tidal habitat representative of Delta Smelt preferences.  Scope of experiment will not be defined 

here as experiments 1-4 are needed to bound physical and mathematical expectations.  

 

Task Product/Deliverable Due  
Date 

Task 
Budget 

Experiment 1 Experimental Data: Detection across 
technical replicates 

September 2018 $34,732 

Experiment 2 Experimental Data: Defined 
relationship between volume and 
DNA detection 

September 2018 $26,154 

Experiment 3 Experimental Data: Signal strength of 
eDNA from field experiment 

January 2019 $18,616 

Experiment 4 Experimental Data: Interaction term 
between volume and distance; 
Completed sampling model 

December 2018 $40,432 

Quarterly Reports Completed SFCWA template quarterly $1,520 

Project Briefing Power Point presentation Upon request $1,520 

Project Factsheet  Upon request $3,040 

Final manuscript  NA  

Project Data Data submitted to Metropolitan 
Water District of Southern California 

Upon request  

Budget Totals NA NA $126,014 

 
 
Estimated Cost: 

Detailed Budget Summary 
Sr Geneticist 

Sr. Molecular 
Biologist 

Sr. 
Biologist 

    

CFS Cost Estimate    Total  Total 

  
   

Hours Dollars 

Rate/Hour $190.00 $190.00 $126.00     

Project Activities 32 94 144 270 $42,084 

Expt 1: Detection across technical 
replicates  

10 32 42 $5,932 

Expt 2: Defined relationship between 
volume and DNA detection  

36 64 100 $14,904 

Expt 3: Signal strength of eDNA from field 
experiment 

16 24 16 56 $9,616 

Expt 4: Interaction term between volume 
and distance 

16 24 32 72 $11,632 

Completed sampling model NA NA NA 0 $0 
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Administrative request by SFCWA 32 0 0 32 $6,080 

Quarterly Reports 8     8 $1,520 

Project Briefing 8     8 $1,520 

Project Factsheet 16     16 $3,040 

Project Data NA     0 $0 

    
        Total CFS Labor Hours 64 94 144 302   

     Total CFS Labor Dollars $12,160.00 $17,860 $18,144   $48,164 

            

DIRECT COSTS*           

  
Unit Costs/ 

Rate     Total   

Experiment 1 150.00     192 $28,800 

            

Experiment 2 150.00     75 $11,250 

            

Experiment 3 150.00     60 $9,000 

            

Experiment 4 150.00     192 $28,800 

            

     Total Direct Costs         $77,850 

CFS Labor         $48,164 

CFS direct          $77,850 

GRAND TOTAL         $126,014 
 

“The information specifically identified in this page of the proposal constitute trade secrets or confidential commercial and financial information which the 

offeror believes to be exempt from disclosure under the Freedom of Information Act.  The offeror request that this information not be disclosed to the 

public, except as may be required by law.  The offeror also requests that this information not be used in whole or part by the Government for any purpose 

other than to evaluate the proposal, except that if a contract is awarded to the offeror as a result of or in connection with the submission of the proposal, the 

Government shall have the right to use the information to the extent provided in the contract.”  

Principal Investigator and Affiliation: 

Scott Blankenship Ph.D. – Cramer Fish Sciences - Genidaqs 

Gregg Schumer – Cramer Fish Sciences - Genidaqs 

Qualifications: 
Next page 
 
Proposed Project start date and end date: 
Start: August 2018 
End: January 2019 
 
 
 
Feasibility: 
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Project is feasible as approach has already been applied to Delta Smelt as described in background section above.  

All necessary permits are in place to conduct experiments.  Mathematical model has been developed. 

 

 

Relevance to SFCWA: 
The ability of existing monitoring programs have reached their natural limitations to detect Delta Smelt, with 

most activities catching zero fish.  Thus, information used for management actions has become somewhat 

arbitrary, with survey estimates harder to calculate and models more difficult to implement.  Recovery of a 

listed species is not possible if you cannot find them and associate that species with habitat conditions. 

Further, any monitoring enhancements of current methods needed to evaluate species status cannot be 

implemented due to perceived impacts (“take”) on the target species (Delta Smelt).  Therefore, alternative 

approaches are needed to obtain biological information on Delta Smelt that do not require “take” authorization.   

The most compelling monitoring enhancements available to detect species without “take” is Environmental DNA 

(eDNA), which is an indirect observation of a species by the presence of its DNA. 
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Project Manager: 
Scott Blankenship 

SCOTT BLANKENSHIP, PHD 
Senior Geneticist 

Dr. Blankenship has over 17 years of experience applying genetic data to population 

monitoring and fishery science.  Before joining Cramer Fish Sciences, he directed the 

fish and wildlife genetics research program for the Washington Department of Fish 

and Wildlife.  Scott has extensive technical experience combining the newest tools of 

molecular biology and genetics theory with field observations of fish populations and 

their habitat to create solutions for some of the most challenging issues in fishery 

management, hatchery operations, and population recovery.  Scott is a recognized 

expert on the standardization of genetic data and sampling methodology for salmon, 

and has collaborated on the design and implementation of species reintroduction 

programs, conservation hatchery programs, habitat restoration performance, 

regional genetic databases, innovative monitoring techniques, and the integration of 

genetic and geospatial information.  Scott has also proven his leadership abilities within inter-agency forums as a 

member of the West Coast Salmon Collaborative seeking to modernize fishery management, Yakima Klickitat 

Fishery Project’s Monitoring Implementation and Planning Team and the South Fork Nooksack Technical 

Advisory Workgroup.     

Currently, Scott is leading the effort to use DNA methods to identify and quantify ESA-listed Chinook taken in 

near real-time at the State and Federal water diversion pumping facilities in California’s Sacramento-San Joaquin 

River Delta System.  This project is also investigating new methods for scaling take to population abundance 

using genetic mark-recapture techniques employing parentage.  Scott has also led research detecting cryptic 

species from within water samples (eDNA) and predation rates through genetic analysis of predatory fish gut 

content.  While directing the Molecular Genetics Laboratory at Washington Department of Fish and Wildlife, 

Scott was the Principle Investigator on a research project applying for the first time the genetic mark-recapture 

technique on Chinook salmon.  This project successfully showed that a genetic study design could 

simultaneously estimate census size, recruits per spawner, all other single-year Viable Salmonid Population 

metrics, and relative reproductive success of hatchery fish.  While at WDFW, Scott lead a collaborative research 

program developing a mechanism to integrate genetic information with environmental and geospatial 

datastreams, which was designed to enhance WDFW’s ability to transition into ecosystem management 

objectives.  Also while at WDFW, Dr. Blankenship was lead geneticist on the South Fork Nooksack Technical 

Advisory Group tasked with evaluating the recovery program for SF Nooksack spring Chinook.  Dr. Blankenship 

oversaw near real-time screening of field-caught individuals for inclusions in captive brood, evaluated the 

breeding program (planning, implementation, results), and analyzed genetic information to inform adaptive 

management of program goals. 

Employment History 

Senior Scientist, Cramer Fish Sciences, West Sacramento, CA, 2011–present. 

Science Director, GENIDAQS, West Sacramento, CA, 2011–present. 

Years of Experience 

 17 years. Professional 
start date: January 
1999 

Education 

 PhD, Genetics, 

University of 

California-Davis, 

2001. 

 BS, Biological Sciences, 
California Polytechnic 
State University-San 
Luis Obispo, 1993. 
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Laboratory Director, WDFW Molecular Genetics Laboratory, Olympia, Washington, 2010–2011.  

Biologist/Geneticist, Washington Department of Fish and Wildlife, 2006-2010. 

Postdoctoral Fellow, UC Santa Cruz / NMFS, 2003-2006.  

Selected Publications 

Finger, A., G. Schumer, A. Benjamin, A. Schreier, and S. Blankenship (In press) Effective population size of Delta 

Smelt.  San Francisco Estuary and Watershed Sciences. 

Blankenship, S., G. Schumer, J. Van Eenennaam, and Z. Jackson. (In press) Estimating number of White Sturgeon 

adults from egg relatedness. Fisheries Management and Ecology 

Bergman, P., G. Schumer, S. Blankenship, and E. Campbell (In press) Detection of Adult Green Sturgeon using 

Environmental DNA Analysis. PLOS ONE 11(4): DOI:10.1371/journal.pone.0153500 

Rawding, D.J., C.S. Sharpe, and S.M. Blankenship. 2014. Genetic-Based Estimates of Adult Chinook Salmon 

Spawner Abundance from Carcass Surveys and Juvenile Out-Migrant traps.  Transactions of American 

Fisheries Society 143: 55-67 

Moran, P., D.J. Teel, M.A. Banks, T.D. Beacham, M.R. Bellinger, S.M. Blankenship, J.R. Candy, J.C. Garza, J.E. 

Hess, S.R. Narum, L.W. Seeb, W.D. Templin, C.G. Wallace, and C.T. Smith. 2013. Divergent life-history races 

do not represent Chinook salmon coast-wide: the importance of scale in Quaternary biogeography. 

Canadian Journal of Fisheries and Aquatic Sciences 70: 415-435 dx.doi.org/10.1139/cjfas-2012-0135 

Limborg, M.T., S.M. Blankenship, S.F. Young, F.M. Utter, L.W. Seeb, M.H.H. Hansen, and J.E. Seeb. 2011. 

Signatures of natural selection among lineages and habitats in Oncorhynchus mykiss. Ecology and Evolution.  

Available at http://onlinelibrary.wiley.com/doi/10.1002/ece3.59/abstract. 

Blankenship, S.M., M.R. Campbell, J.E. Hess, M.A. Hess, T.W. Kassler, C.C. Kozfkay, A.P. Matala, S.R. Narum, 

M.M. Paquin, M.P. Small, J.J. Stephenson, K.I. Warheit, and P. Moran. 2011. Major lineages and 

metapopulations in Columbia River Oncorhynchus mykiss are structured by dynamic landscape features and 

environments. Transactions of American Fisheries Society 140:665–684 

Blankenship, S.M., B. May, and D. Hedgecock. 2002.  Evolution of a Perfect Simple-Sequence-Repeat Locus in 

the Context of Its Flanking Sequence.  Mol. Biol. Evol. 19(11): 1943-1951 

Hedgecock, D., M.D. Banks, V.K. Rashbrook, C.A. Dean, and S.M. Blankenship. 2001.  Applications of population 

genetics to conservation of chinook salmon diversity in the Central Valley. In: Brown RL, editor.  Fish. Bul. 

179: Contributions to the biology of Central Valley salmonids.  Sacramento (CA): California Department Fish 

and Game. 
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GREGG SCHUMER 
Director of Lab Services, Senior Molecular Biologist 

Gregg Schumer is the Director of Lab Services for Genidaqs and a Senior Molecular 

Biologist for Cramer Fish Sciences in West Sacramento, CA. Gregg is responsible for 

directing laboratory projects, coordinating related field efforts, field sampling for all 

genetics projects throughout California, Oregon, and Washington and the 

development of molecular based techniques for the detection and identification of 

cryptic aquatic species. Before joining Cramer Fish Sciences Gregg worked for over 8 

years at the highest levels of biocontainment detecting human pathogens both in-vivo 

and in-vitro. In 2009 Gregg led the effort within Cramer Fish Sciences to transfer 

relevant molecular biological and genetics technologies from the world of human 

pathogens to the study of fish ecology. This has resulted in projects for both the State 

and Federal Governments to study the effects of predation on native fish species by 

non-native predators with the use of genetic analysis. Gregg has also lead the 

development of protocols and techniques for the identification and distribution of 

cryptic, invasive, and listed or endangered aquatic species by environmental DNA 

(eDNA). This has resulted in multiple eDNA projects to determine the distribution of 

the Oregon spotted frog in Southwestern Washington State, as well as, the detection 

of the invasive Brook trout for the Burns-Paiute Tribe of Oregon. Recently Gregg has been working on the 

detection of Green sturgeon eDNA in the Upper Sacramento River and adapting the eDNA laboratory and field 

technique for the detection of Giant Garter snake in the Central Valley of California. Gregg is now working on 

adapting the eDNA technique for the detection of Delta smelt at the US Bureau of Reclamations Tracy Fish 

Collection Facility.  

Employment History 

Director of Laboratory Services/Molecular Biologist, Genidaqs/ Cramer Fish Sciences, West Sacramento, CA, 2009-

present. 

Vaccine Development and Vector Design Lab Technician, Special Pathogens Department, Public Health Canada - 

Santé Canada, National Virology Laboratory, Winnipeg, Manitoba, 2008-2009. 

Virology Laboratory Manager, Department of Microbiology, Triosyn Research, Mirabel, Quebec, 2004-2008. 

Research Specialist B and C,  Gene Therapy Program, University of Pennsylvania, Philadelphia,  

Pennsylvania, 2000-2004. 

Scientific Aide, California Department of Fish and Game (CDFW), Aquatic Toxicology Laboratory, Elk Grove, 

California, 1999-2000. 

Selected Publications  

Finger, A., G. Schumer, A. Benjamin, A. Schreier, and S. Blankenship (In press).  Effective population size of Delta 

Smelt.  San Francisco Estuary and Watershed Sciences. 

Years of Experience 

 17 years. Professional 
start date: January 
1999 

Education 

 Non-traditional 

Graduate Studies, 

University of 

Pennsylvania, 

Philadelphia, PA, 

2001-2002. 

 BS, Molecular, 
Cellular, and 
Developmental 
Biology, University of 
California Santa Cruz, 
1998. 
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Blankenship, S., G. Schumer, J. Van Eenennaam, and Z. Jackson (In press) . Estimating number of White Sturgeon 

adults from egg relatedness. Fisheries Management and Ecology 

Bergman, P., G. Schumer, S. Blankenship, and E. Campbell. (2016) Detection of Adult Green Sturgeon using 

Environmental DNA Analysis. PLOS ONE 11(4): DOI:10.1371/journal.pone.0153500 

Brian M. Schreier, M.R. Baerwald, J. L. Conrad, G. Schumer, and B. May. Effects of turbidity on predation of a 

threatened fish in the San Francisco Estuary. North American Journal of Fisheries Management.  

Brandl, S., G. Schumer, B.M. Schreier, J. L.Conrad, B. May and M. R.Baerwald. Ten real-time PCR assays for 

detection of fish predation at the community level in the San Francisco Estuary-Delta. Molecular Ecology. 

Baerwald, M.R., B.M. Schreier, G. Schumer, and B. May. Detection of Threatened Delta Smelt in the Gut Contents 

of the Invasive Mississippi Silverside in the San Francisco Estuary Using TaqMan Assays. Transactions of the 

American Fisheries Society. 

Baerwald, M.R., G. Schumer, B.M. Schreier, and B.May. TaqMan assays for the genetic identification of delta 

smelt (Hypomesus transpacificus) and wakasagi smelt (Hypomesus nipponensis). Molecular Ecology 

Resources.  

Blankenship, S., M. Teply, and G. Schumer.  Sampling and analysis to assess brook trout (Salvelinus fontinalis) 

population trends in High Lake (Oregon) using environmental DNA monitoring.  Report to Burns Paiute Tribe. 

Kobinger, G.P., H. Feldmann, Y.Zhi, G. P. Schumer, G-P. Gao, F.Feldmann, S. Jones, and J.M. Wilson. Chimpanzee 

Adenovirus Vaccine protects against Zaire Ebola Virus. Journal of Virology. 

Hamelin,M-E., M. Baz, Y. Abed, C. Couture, P. Joubert, É. Beaulieu, N. Bellerose, M.Plante, C.Mallett, G.Schumer, 

G. P. Kobinger, and G. Boivin. Oseltamivir-Resistant Pandemic A/H1N1 Virus Is as Virulent as Its Wild-Type 

Counterpart in Mice and Ferrets. PLoS Pathogens. 

Croyle, M.A., S. M. Callahan, L. J. Brunner, G. P. Schumer,  J. M. Wilson and G. P. Kobinger. PEGylation of VSV-G 

pseudotyped lentiviral vectors prevents inactivation by complement.  Journal of Virology. 

Kobinger, G.P., M. Limberis, S. Somanathan, G. Schumer, P. Bell, and J. M. Wilson. HIV Vector Psuedotyped with 

the Spike Envelope of SARS-CoV Transduces Human Airway Epithelial Cells and Dendritic Cells. Human Gene 

Therapy. 

Military Record 

2.5 years United States Army, 12B combat engineer, 18th Airborne Corps.  

Combat tour Desert Shield, Saudi Arabia and Desert Storm Iraq, Saudi Arabia  

Honorable discharge 1992  
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Attachment 2 
Draft Scope of Work for 

Developing a Science Plan to 
Assess the Effects of Ambient Environmental Conditions and 

Management Actions on Delta Smelt 
 

The aim of this work is to develop a Science Plan (SP) that increases understanding of abiotic 

and biotic factors and management actions affecting Delta Smelt (DS) to support structured 

decision-making and resource management in an adaptive framework. This work will be 

conducted in coordination with other ongoing activities relevant to DS and will leverage data and 

research findings from multiple sources.  The focus will be on understanding the role of actions 

such as seasonal flow management, Toe Drain flows to enhance foodweb, managed wetlands 

drain and flood management, and Suisun water management, in the context of ambient 

environmental conditions with the expectation that the framework applied in the SP could be 

eventually extended to include other actions.  

 

Development of the SP will involve extensive dialog with existing science groups such as IEP 

FLOAT (including FLOAT MAST), the Directed Outflow Project, the Delta Science Program 

(DSP), and the CAMT Delta Smelt Scoping Team (DSST), as well as with resource managers, 

decision makers and expected users of the SP. It will also be coordinated with the parallel 

CAMT SDM effort. Engagement will focus on gathering input and ideas rather than achieving 

consensus. 

 

Task 1. Develop Draft Framework and Objectives for Science Plan 

Early stage conceptualization of the SP and development of SP objectives 

Activities: 

- Consider and assess existing science programmatic frameworks to identify useful models, 

including those used in other systems, and opportunities for leverage with ongoing efforts, 

e.g., DSP’s One Delta One Science plan, IEP, etc.  

- Engage/coordinate with, to the extent practicable, related SDM work (ongoing Science 

Program SDM and proposed CAMT DS SDM) to develop a framework that avoids 

duplication while informing decision making 

- Engage with key decision makers and science leaders, via CAMT and CSAMP, to 

understand expectations, gather ideas on performance metrics, and role of the SP in the 

overall adaptive management and decision context 

- Develop framework outline and objectives 

Deliverables:  Outline framework 

Objectives of the Science Plan 

 

Task 2. Characterize Existing Knowledge and Decision-relevant Uncertainties 

Use existing conceptual models, scientific reports, available data etc. to characterize ‘knowledge 

base’ for DS in relation to the range of ambient environmental conditions they experience 
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through their life-cycle. Identify relevant conceptual models for each potential management 

action and how performance/DS response is tracked and understood. 

Activities: 

- Recognize, and develop awareness of, existing conceptual and numerical models, metrics, 

syntheses, recent literature and findings 

- Understand basis for, limitations of, and flexibility within relevant existing monitoring and 

assessment programs  

- Develop, where needed, concepts and hypotheses underlying management actions to support 

DS recovery 

- Identify decision-relevant uncertainties and characterize approach to resolution (e.g., 

experimentation with flows, habitat enhancement, field/laboratory investigative studies, 

additional data collection) 

Deliverables:  Overview of conceptual and quantitative ecological models  

Description of ecological hypotheses and decision-relevant uncertainties 

 

Task 3. Develop Monitoring and Evaluation Approach 

Craft an approach to research/monitoring/modeling/assessment to assess effectiveness of 

management actions targeting Delta Smelt that leverages, to the extent possible, existing efforts. 

Utilize near-term (yrs. 1-2) and longer term (yr 3 on) time horizons to include maximal use of 

existing approaches and transition to use of improved models, new technologies etc. 

Activities: 

- Consider scales of response (temporal and spatial) to interannual flow variability and to 

potential interactions of flow with other management actions 

- Identify potential roles of monitoring, modeling, investigative research, and 

synthesis/assessment activities including associated opportunities (e.g., quantification, clearer 

expectations, consensus) and constraints (e.g., resources, (un)timeliness, complexity) 

- Dialog with existing teams/programs, e.g., FLOAT, DOP, EDSM, to identify recognized 

limitations/unrealized ambitions of existing experts/researchers 

- Engage with decision makers to test expectations regarding usable science, e.g., reliance on 

model output vs. monitoring data, role of statistical significance, tolerance of uncertainty  

- Identify metrics for measuring effects on DS and appropriate reporting mechanisms 

Deliverables:  Approach including modeling, research, monitoring, synthesis, assessment and 

reporting 

Near-term approach (1-2 years) 

Longer-term approach (year 3 on) 

Summary of near to longer term transition strategy and needs 

 

Task 4. Implementation Plan 

Develop a strategy for near-term and longer-term implementation of the SP, including transition 

activities (e.g., technology testing, model development, laboratory studies), including role of 

existing entities and programs. Establish regular cycle (e.g., semi-annual, annual, biennial) for 

design of SP activities that is responsive to ambient environmental variation, existing program 

planning, budget cycles, and decision-making. 

Activities: 


