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Save as both a Word document and a PDF file named as follows: 
LastName_FirstName_App.docx and LastName_FirstName_App.pdf.  

Submit both files as email attachments to graduate@share.calstate.edu. 

Student Applicant Information 

First Name: Grace Department or Degree Program: Fisheries Biology 

Last Name: Ghrist GPA in Major Courses (If first 

semester as a graduate student, please 
enter, “n/a, first semester”.): 

Student ID#:  Matriculation date (mm/yy): 08/2016 

CSU Campus: Humboldt Anticipated graduation date (mm/yy): 08/2018 

Email: Degree Sought (e.g., MS, PhD): MS 

Phone Thesis-based? (Y/N): Y 

Advisor Information 

First Name: Darren Position/Title: Associate Professor 

Last Name:  Ward Email: Darren.Ward@humboldt.edu 

CSU Campus: Humboldt Phone: (707) 826-3344

Department: Fisheries Biology 

Research 
Project Title: 

Freshwater and Marine Survival of Coho Salmon (Oncorhynchus kisutch) as a Function 
of Juvenile Life History 

Project Keywords (5-7 keywords related to your 
project): 

Salmon Conservation, Population Ecology, Life History 
Variation, Coho Salmon, Oncorhynchus kisutch, 
Demographic Rates 

Budget Summary (must add up to $3,000) 

Award amount directly to awardee: 3,000 

Award amount to Department: 
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Please refer to the Award Announcement for detailed instructions on the information required for each of the 
following sections.  

Project Description (60 points total)-1,500 word maximum 

Introduction 
Pacific Salmon are known for their diverse life history pathways, which have proven important for population 
stability (Moore et. al 2014). Coho (Oncorhynchus kisutch) exhibit life history diversity in both juvenile and 
adult stages. Coho typically remain in freshwater for more than one year before emigrating to the ocean during 
their second spring season as smolts (Quinn 2005 and Hassler 1987). There are some juveniles, however, that 
emigrate at a younger age, during or before their first winter, into lower parts of the watershed or estuary 
where they reside before emigrating to the ocean. Historically, these early emigrants were assumed to be 
insignificant; not contributing to adult returns (Chapman 1962). However, a recent study in Washington 
(Bennett et. al 2015) demonstrated that early emigrants are indeed surviving and returning to spawn as adults. 

In California and other states, monitoring of juveniles focuses exclusively on smolt emigrants. The typical 
procedure for measuring abundance and survival rates depends on the operation of downstream migrant traps 
during the spring (Adams et. al 2011). This practice does not consider early emigrants traveling downstream 
before trapping begins (Rebenack et al. 2016). The district life history strategies that Coho display as juveniles 
undoubtedly affects the individual’s survival in freshwater and may also contribute to their success in the 
marine environment (Bennett et al. 2015, Jones et al. 2014). For this reason, it is essential for managers to 
consider each life history strategy and the dynamic processes which influence them.   

Life Cycle Monitoring 
Freshwater Creek, located in Humboldt county California, is a designated salmonid life cycle monitoring station 
as part of the California Coastal Salmonid Monitoring Program. The early emigrant life history strategy of Coho 
has been observed in Freshwater Creek. In fact, from 2010-2012 early emigrants accounted for 2-29% of fall 
tagged juveniles (depending on location within the watershed) (Rebenack et al. 2015). The survival rates of 
these early emigrants, however, are still unknown. 

Thesis Project 
For this project, I propose to construct a comprehensive survival model for Coho in Freshwater Creek. The 
model will encompass a larger part of the life-cycle than previous work by including survival from young of year 
all the way through spawning adults. Distinct demographic rates of freshwater survival and marine survival will 
be calculated for each life history strategy (smolt emigrant, early emigrant, jack and hooknose adult), and the 
probability of transitioning to a life history group will be determined.  

Methods 

Study Site 
The Freshwater Creek watershed is an 80 km2 drainage basin located approximately 8 km east of Eureka, 
California in Humboldt County. Freshwater Creek is the main stem, draining into Humboldt Bay. There are five 
major tributaries (Figure 1).  A permanent weir is installed on the main stem of Freshwater Creek, slightly 
upstream of tidal influence and serves as a trap for emigrating smolts and returning adults. Two smaller 
tributaries Wood Creek and Ryan Creek (which are downstream of the weir), provide seasonal rearing habitat. 
Previous tagging efforts have demonstrated that early emigrant juvenile Coho overwinter in Wood Creek, 
Wood Creek pond and Ryan Creek. 

Individuals are detected in hand (at the smolt trap, adult weir, or carcass survey), or by detection using radio 
frequency identification (RFID) antennas. There are currently six RFID antennas positioned along the 
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Freshwater Creek mainstem, one located at the Wood Creek tide gate, one at Wood Creek Pond, and a pair of 
antennas on Ryan Creek (Figure 1).  

 
Fig.1.  Freshwater Creek Watershed. Study reaches indicated in color along with RFID locations and  
weir. Photo courtesy of (Anderson and Ward 2016).  

 
Fall Tagging Young of Year 
Juveniles are marked in the fall from mid-September to late October. Fish are collected by seining a subset of 
pools within each reach using a systematic random approach. From each pool 4-8 individuals are tagged, and 
their fork lengths and weight measured before being returned to the pools. All individuals selected for tagging 
are first anesthetized with tricaine methanesulfonate (MS-222). Juveniles between 60 and 69mm are marked 
with full-duplex passive integrated transponder (PIT) tags.  Juveniles greater than or equal to 70 mm are 
marked with a larger half- duplex PIT tag.  
 
Smolt Trap 
Spring emigrants are captured in a downstream migrant trap (DSMT) located at the permanent weir. The trap 
is operated from March through June. The juvenile trap is checked daily, and fish are anesthetized with MS-222 
before handling. Individuals are scanned for PIT tags, their weight and fork lengths measured and then a subset 
are PIT tagged. Fish that are marked that day are released upstream so that trap efficiency can be measured. 
Fish caught that already have a tag, either from fall tagging or smolt trapping and fish that are not tagged are 
released below the weir.  
 
Jacks and Adults  
Fish returning as either jacks or adults are captured at the weir. It is operated intermittently November 
through June when discharge is between 10 and 500cfs. Captured fish are scanned for PIT tags, and the weight, 
fork length and sex are measured. If they are not already marked, they are injected with half-duplex tag.  Adult 
fish are also detected during carcass surveys at the end of the spawning season. The carcasses are measured, 
sexed, and scanned for PIT tags.  
 
Mark Recapture Models 
Antenna detections along with smolt trap, weir, carcass surveys and estuary seining data from 2009 to the 
present will be incorporated into my analysis.  I will use a Multistate model design which is a generalization of a 
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Cormack-Jolly-Seber mark recapture model. The model will be implemented in program MARK (White and 
Burnham 1999).  
A typical CJS model estimates apparent survival (φ) of marked individuals between encounters and recapture 
probabilities (p). The multistate model adds one more element, the movement parameter (ψ) which will 
represent the movement probabilities of juvenile fish into life history states (Amstrup et al. 2010). Coho 
Salmon in this model will have 5 possible states: stream, estuary, smolt, jack, and adult, 5 survival intervals and 
7 capture occasions (Figure 3). 

 
Fig. 3.  Schematic representing states in Freshwater Creek Coho Salmon multistate model. Stream, estuary smolt jack and adult are 
life history states, with arrows indicating movement and survival between states.  

 
 

Occasion 1:  Fall tagged fish are assigned to the stream state. Fish caught in the estuary during the interval of 
fall tagging are assigned to the estuary state.   
Occasion 2: Stream state fish detected at the weir and estuary antennas before smolt trapping begins, and are 
assigned to the estuary state. Stream state fish that are not detected on antennas before the smolt trapping 
begins receiving a 0 and remain in the stream state. Fish caught in the estuary during this interval (after fall 
tagging and before smolt trapping) are assigned to the estuary state.  Estuary fish receive a 1 if they are 
detected again on these antennas or they receive a 0 if they are not.  
Occasion 3: Stream state fish are detected on downstream antennas or smolt trap during this interval (begin of 
smolt trapping to end of smolt trapping) and are assigned to the smolt state. Many more fish are caught in the 
smolt trap and are added to the smolt state. Estuary tagged fish can transition to the smolt state if they hit 
estuary antennas during this time interval. Estuary fish that do not hit antennas receive a 0.  
Occasion 4: Fish are detected at weir antenna or captured at weir after only 6 months in the ocean and are 
assigned to the jack state. Fish that are not detected receive a 0.  
Occasion 5: Jack state fish are detected at upstream antennas or carcass surveys and remain in the jack state. 
Fish that missed weir antenna and weir capture hit upstream antennas or carcass surveys and transition to the 
jack state. Fish that are not detected on upstream antennas or carcass surveys receive a 0.  
Occasion 6: All jack state fish receive a zero. Fish detected at weir antenna or captured at weir after 18 months 
in the ocean are assigned to the adult state. Fish that are not detected receive a 0.  
Occasion 7: Adult state fish are detected at upstream antennas or carcass surveys and remain in the adult state. 
Fish that missed weir antenna and weir capture are detected on upstream antennas or carcass surveys and 
transition to the adult state. Fish that are not detected on upstream antennas or carcass surveys receive a 0.  
 
Capture histories will be created for each fish using Microsoft Access and Excel and imported to program 
MARK.  
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Questions this project will address 
 

• Are there differences in estimates of overwinter and marine survival between life history groups? 

• Do covariates such as juveniles size, river reach, or discharge affect survival rates?  

• Do covariates affect the probability of transitioning into a life history group?  

Important Implications  
 

• Indication of whether California salmonid monitoring programs should update sampling procedures to 
include juveniles with alternative life history strategies.   

• Evaluating the survival of stream reared versus estuary reared juvenile Coho Salmon to inform future 
restoration projects. 
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Timeline (10 points total)-250 word maximum 

Timeline 
We have been accumulating juvenile data since 2009 and adult data since 2012. Last year I participated in all 
tagging and capture efforts, and this year I will do the same. I will participate in fall tagging from October-
November, redd and carcass surveys from November through January, adult capture at the weir November- 
June and smolt capture from March-June. I will also participate in monthly estuary seining this year.  
 
This past summer I compiled all antenna detections and tag detections from 2009 to the present and began to 
create individual capture histories for each fish. I am currently working on a simulation that we created in 
Microsoft excel to make sure the model structure produces meaningful results. I am beginning to experiment 
with sample sizes using my simulation to make sure we have enough detections for each life history strategy. I 
am waiting for the last years data to be compiled before I can run my full model.  
The rest of this semester and the Spring semester I will be entering data into my model, testing covariates and 
writing my thesis. I hope to defend my thesis this summer or early next Fall.   

 

Relation to COAST Goals (15 points total)-300 word maximum 

Relation to COAST 

Pacific Salmon are important in California, both economically and culturally. In 2013, the California recreational 

salmon industry produced an economic impact of $104.4 million for the state and the commercial industry 

produced approximately $78.9 million (Pacific Fishery Management Council 2014). Coho salmon are one of 

three commonly found species in California and until the 1970s accounted for up to 25% of the total salmon 

harvest. Currently, wild populations are dwindling as a result of overfishing and habitat destruction. In 

California, populations of Coho are listed as both threatened and endangered. There are statewide efforts to 

return Coho to a level of sustained viability and ultimately restore commercial and recreational fisheries. (CDFG 

2002).   

In order to ensure that restoration if effective and to assess the risk of extinction, it is necessary to accurately 

monitor populations. A major component of assessing population is estimating juvenile and adult survival 

rates. My project will help incorporate different life history strategies into a comprehensive life cycle model, 

therefore producing more accurate estimates. If we find that life history strategies have significantly different 

survival rates, perhaps we can amend the California Coastal Salmonid Monitoring Plan and encourage other 

entities here in the Pacific Northwest to do the same.  
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Additionally, we have shown that early emigrating Coho use estuaries as an overwinter refuge. If early 

emigrants have high overwinter or marine survival, we may inspire the conservation and restoration of more 

wetlands and estuaries.  

The CSU Council on Ocean Affairs, Science & Technology’s (COAST) primary objective is to fund research that 
contributes to the knowledge of marine and coastal resources. Coho Salmon are an important resource here in 
California; my project will help us to better understand differences in life histories and ultimately how to better 
protect the species. 

 



End of form 9 

 
Budget and Justification (15 points total) 

Item/Description Unit Price Quantity Amount to Awardee (via Financial 
Aid) 

Waders $150.00 1 $150.00 

Wading Boots $50.00 1 $50.00 

Gasoline for Transportation to field sites $50.00/mo 10 $500.00 

Living Expenses $200.00/mo 10 $2000.00 

Tuition - - $300.00 

Total  $3,000.00 
 

Justification (250-word maximum): 

Budget Justification 
The California Department of Fish and Wildlife’s Fisheries Restoration Grant Program funds the Freshwater Creek 
Salmonid Monitoring Project; because of this I do not need to purchase additional equipment for the study. The 
majority of the money will be awarded via financial aid in order to pay for my living expenses as I complete my 
part of the project. The funds will pay for my time and transportation costs as I participate in field work and 
analysis of data. There are often not enough workers to consistently maintain antennas during high flow or 
operate the traps at the weir on a continuous basis. This results in fish passing antennas and traps without being 
detected. The more I can participate in regular field work, the more the antennas and weir traps will be up, 
increasing the sample size of fish in our data set. 
 
Additionally, without this money it will be necessary to take out student loans to fund the rest of my graduate 
education. As a brand-new mother working in science, it difficult to balance my time and finances between my 
family and my research.  I plan to continue a career within a state or federal agency such as CDFW after 
completing a master’s degree; the less debt that I accrue, the more I can focus my efforts on salmon restoration 
research. 
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