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Pacific lamprey Entosphenus tridentatus is a valuable icon and traditional food 

source for Indigenous people of western North America. Native Americans have utilized 

traditional ecological knowledge (TEK) since time immemorial to guide their ways of 

life, transmitting cultural values and natural history to further generational knowledge. 

Pacific lamprey are in decline throughout their range, and have historically been 

disregarded in western science. The Willamette River Basin, Oregon, U.S.A currently 

supports a traditional harvest location, Willamette Falls, which continues to persist, 

despite great losses in adjacent basins and remains a harvest stronghold amongst 

Columbia River Basin Tribes. To further understand Pacific lamprey, we utilized both 

Indigenous knowledge and western science to gain information that would aid recovery. 

My first goal was to determine traditional ecological knowledge and the cultural values 

of Pacific lamprey to provide guidance for future conservation planning. My second goal 

was to evaluate the fine scale habitat characteristics of larval Pacific lamprey. 



        

To determine tribal values for the purpose of informing conservation planning of 

Pacific lamprey, I used: 1) oral history interviews of tribal elders, and 2) questionnaires 

distributed across entire adult (18 years and older) tribal populations. We conducted 

semi-structured interviews with tribal elders to gain insights into the biology, distribution, 

and cultural value of lamprey. I interviewed 32 tribal elders, 11 from the Grand Ronde, 

10 from the Siletz, and 11 from the Umatilla.  To understand modern fishing practices 

and current values of lamprey, I distributed a standardized questionnaire (n = 753) to a 

sample of each adult (18 years and older) tribal population, and received a total of 188 

responses total: 38 from the Grand Ronde, 60 from the Siletz, and 90 from the Umatilla. 

From my interviews, I found that each tribe has noticed a decline in Pacific lamprey 

populations within their ceded areas, and has witnessed traditional harvest locations lost 

due to population declines and/or anthropogenic damage, leaving Willamette Falls as the 

sole harvest site for the three tribes. Questionnaire results showed that the strongest issues 

relating to the traditional usage of Pacific lamprey amongst each tribe are cultural 

awareness, harvest accessibility, and Pacific lamprey populations.  

I evaluated two fine scale habitat associations of larval Pacific lamprey in the 

Willamette River Basin to understand the association of stream sediment and larval 

abundance. Study objectives were to: 1) evaluate the substrate size most closely 

associated with larval abundance, and 2) to evaluate the influence of organic material 

upon larval abundance.  We used a backpack electrofisher to enumerate larval lamprey in 

six wadeable Willamette River tributaries, using a nested two-pass sample design at a 

lower, middle, and upper reach (each reach composed of ten 1-m² quadrats).  Stream 



        

sediment cores were collected for subsequent determination of particle size and organic 

composition content.  I used particle size sieve analysis to estimate dominant substrate 

size class per sample, from the following size classes: silt (< 0.063 mm), very fine sand 

(0.063–0.125 mm), fine sand (0.125-0.25 mm), medium fine sand (0.25-0.50 mm), coarse 

sand (0.50-1.0 mm), very coarse sand (1.0-2.36 mm), and fine gravel (>2.36 mm). I 

analyzed organic content by loss of weight through combustion. Larvae were present in 

17 of 18 reaches (94%) 18), but only detected in 37% of the quadrats. Larval Pacific 

lamprey abundance was highest in habitats with predominantly medium fine sand (0.25-

0.50 mm) substrate. I fit negative binomial mixed models using parameters for sediment 

depth, percentage of medium fine sand (0.25-0.50 mm), organic material and a random 

effect for basin. My top model consisted of percentage of medium fine sand (0.25-0.50 

mm), organic material and a random effect for basin. At the fine scale, substrate 

characteristics were associated with the abundance of larval Pacific lamprey. 

Appropriate conservation measures should be taken to address the restoration of 

Pacific lamprey, activities that promote natural river flow and distribution of sediment 

could be of benefit. Efforts that educate mainstream society should be implemented to 

reduce further species decline. With the continued decline of Pacific lamprey, there is 

potential for further degradation of tribal cultural values. Conservation work that 

promotes the restoration of Pacific lamprey is crucial to the tradition and culture of the 

Grand Ronde, Siletz, and Umatilla Tribes.  
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Pacific Lamprey Entosphenus tridentatus: Integrating Traditional Ecological 
Knowledge and Contemporary Values into Conservation Planning, and Stream 
Substrate Associations with Larval Abundance in the Willamette River Basin, 
Oregon, U.S.A. 

CHAPTER 1: GENERAL INTRODUCTION  

The Pacific Lamprey Entosphenus tridentatus is an anadromous fish, native to 

western North America. Lamprey or “eels” as they are known amongst the tribes are a 

cultural icon of Indigenous people of Western North America. Lamprey populations have 

declined significantly over the last 40-50 years, due to a multitude of anthropogenic 

disturbances (CRITFC, 2011; Luzier, et al. 2011). Habitat loss and degradation are a 

possible cause of lamprey decline as seen in Smith, et al. (2011) and Aronsuu & 

Virkkala, (2013). 

The Tribes of the Pacific Northwestern United States brought the issue of Pacific 

lamprey decline to researchers at Oregon State University. Historically, lamprey have 

been ignored in traditional western science, past management efforts have intentionally 

poisoned their spawning beds, destroyed rearing habitat and altered their migratory paths 

as documented in Downey, et al. (1996); Close, et al. (2004); CRITFC, (2011); Luzier, et 

al. (2011); and this thesis. Traditional ecological knowledge has only recently been 

acknowledged as relevant information by mainstream scientists as stated in Petersen, 

(2006). In the case of a largely unknown species such as Pacific lamprey, there is an 

opportunity to merge Traditional Ecological Knowledge and western science to meet 

conservation goals.  
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 Traditional ecological knowledge is a complex system of beliefs that refer to the 

knowledge and practices of the relationship between living beings and the physical 

environment, particularly among people who depend on local resources for survival, as 

stated in Berkes (1993).While traditional ecological knowledge has served as a 

knowledge base for thousands of years, it has only recently reached the academic world, 

and was recognized as a knowledge base on equal standing with western science, as 

stated in UNEP, (1998).  

  Robin Kimmerer believes that traditional ecological knowledge and western 

science exist as two separate forms of understanding, and warns that the true meanings of 

both could be lost if you combine them (Kimmerer, 2013). I would agree with the notion 

that western science should not be used to validate traditional ecological knowledge, and 

vice-versa, but I believe there are direct recovery goals that can be met by using both 

traditional ecological knowledge and western science. As stated in Mazzocchi, (2006), 

traditional ecological knowledge and western science, while different, they both can be 

used for the protection of biodiversity and to promote sustainability. As Robin Kimmerer 

states a diversity of intellectual knowledge base works to promote cultural evolution, just 

as genetic diversity promotes biological evolution (Kimmerer, 2002).  I will evaluate both 

traditional ecological knowledge and western science to provide information to recover 

Pacific lamprey. 
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  Traditional ecological knowledge of Pacific lamprey has been documented by 

Downey, et al. (1996) for the Siletz Tribe, Close, et al. (2004) for the Umatilla Tribe, and 

Petersen, (2006) for the Karuk and Yurok Tribes. 

 Downey, et al. (1996) researched the oral history of Siletz Tribal citizens and 

Skwakol, or Pacific lamprey. The purpose of the research was to document the decline of 

Pacific lamprey from their native range from observations by citizens of the Confederated 

Tribes of the Siletz Indian Reservation. 19 Siletz elders were interviewed for this study. 

The elders stated that lamprey were formerly a staple food in the traditional diet, were 

fished in Rock Creek and the Siletz River, and are now in decline. 

 Close, et al. (2004) sought baseline information on Pacific lamprey phenology, 

uses, and harvest amongst citizens of the Confederated Tribes of the Umatilla Indian 

Reservation. The authors sought to fill scientific gaps regarding Pacific lamprey with the 

use of traditional ecological knowledge. This study conducted oral history interviews 

with 12 CTUIR elders. Lamprey were found to be a staple food in the Umatilla diet, and 

available for harvest in each local river but are now in a noticeable decline. 

 Petersen, (2006) documented traditional ecological knowledge of Pacific lamprey 

from the Yurok and Karuk Tribes of Northern California, U.S.A. The author used 

methods of participant observation, focus groups and interviews to gain knowledge from 

over 80 citizens of the Karuk and Yurok Tribes. The research found that lamprey were 

utilized in the Klamath Basin and provided a valuable food source, but have been in 

decline for over 40 years.  
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 I documented the cultural values of Pacific lamprey amongst three tribes of 

Oregon, using oral interviews and standardized questionnaires to gain knowledge from 

188 tribal citizens of the Grand Ronde, Siletz and Umatilla. The purpose of this 

qualitative research was to document tribal values for the purpose of conservation 

planning, and to provide a model framework that could be used for future species 

recovery planning. 

Pacific lamprey are one of the least understood anadromous fish species, and is 

currently in decline in the historically abundant Columbia River Basin, U.SA, as 

documented in Kostow (2002). Larval lamprey spend 3-8 years filter feeding from 

beneath freshwater substrates, before reaching juvenile stage and migrating to the ocean 

where they live parasitically on marine life for 1-3 years, from which they then return to 

freshwater to spawn reviewed in CRITFC, (2011). Ammocoete habitat is associated with 

stream sediment deposition, fluvial processes, and overall heterogeneity in stream 

habitats as seen in Torgersen & Close, (2004). Stream sediment substrate that is too 

small, such as clay or silt is thought to possibly clog ammocoete gill lamellae and restrict 

water flows and access to food as seen in Hardisty & Potter, (1971). Substrate that is very 

coarse is more difficult to burrow into, if burrowing activity is possible at all as 

documented in Smith, et al. (2011). Mucus secreted from the ammocoete to support the 

burrow does not support coarser substrate habitats as easily as it supports finer sediment, 

as stated in Hardisty & Potter, (1971). The destruction of benthic habitat in streams is 

associated with lamprey population declines because larvae burrow in benthic habitats as 

stated in Hardisty & Potter, (1971). As in most fish species, adult recruitment in Pacific 
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lamprey is dependent on larval cohort health and early life stage survival as stated in 

Fuiman & Werner, (2002).  

 Research of larval Pacific lamprey has yet to quantify the habitat characteristics of 

sediment grain size and organic material and the association with relative abundance. At 

the fine scale, larval Pacific lamprey habitat has been evaluated in three studies in the 

Pacific Northwest. Each study visually identified substrate composition while in the field, 

rather than evaluating specific habitat characteristics and the association with larval 

abundance.  

 Claire (2004) conducted electroshocking surveys, measured habitat and visually 

characterized stream substrate in the Red River, Idaho, USA. Stream substrate was 

classified as fine (course sand, fine sand, silt/organic material), medium (course, medium 

and fine gravel), and coarse (large boulder, small boulder, cobble) habitat. Larval 

lamprey were most abundant in fine-medium substrate (0.004-2.0 mm) and (2.0-64.0 

mm), the two smaller classification systems out of three total.  Larval density was found 

to decrease with increasing coarse substrate (64.0-512.0 mm), while density increased 

with increasing medium (2.0-64.0 mm) and fine substrate (0.004-2.0 mm). 

 Stone & Barndt, (2005) conducted electrofishing surveys using a nested 1-m² 

quadrat design and visual substrate identification in Cedar Creek, Washington, U.S.A. A 

modified Wentworth scale (Wentworth, 1922) was used as follows: fines (1.0-8.0 mm), 

small gravel (9.0-16.0 mm), large gravel (17.0-64.0 mm), cobble (65.0-256.0 mm), 

boulder (257.0-4,096.0 mm), and bedrock (>4,096.0 mm). Larval abundance was highest 
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in fine-dominated (1-8 mm) substrate, the smallest particle size in the classification 

system applied.  

 Torgersen and Close, (2004) evaluated larval Pacific lamprey habitat at multiple 

scales on the Middle Fork of the John Day River, Oregon, U.S.A. Larval habitat was 

quantified as type 1 (mixture of silt, clay, organic matter and some sand), type 2 (similar 

to type 1 but mostly sand), and type 3 (coarse gravel, cobble, hard clay, bedrock). At the 

fine scale, increasing larval abundance was positively correlated with pool units, 

burrowing habitat of types 1 and 2, and sites near the channel margin. The type 1 and 2 

habitats were the two smallest sized classes of three total habitats, both dominated by silt, 

clay, organic material, and sand, very fine substrate types. Large scale landscape 

variables such as longitudinal position and small scale variables such as stream channel 

morphology, velocity and substrate composition were associated with larval lamprey 

presence and abundance.  

 My goal is to promote the long term viability of Pacific lamprey for the purpose 

of informing recovery actions that would restore populations toward historic levels that 

meet tribal harvest needs and provide ecological services. I will address this goal by 

meeting two objectives for populations in the Willamette River Basin. To document 

cultural values of Pacific lamprey for future conservation planning, I evaluated the 

traditional ecological knowledge of three Native American Tribes of Oregon. We sought 

tribal values for the purpose of informing conservation planning of Pacific lamprey using: 

1) oral history interviews of tribal elders, and 2) written questionnaires distributed across 
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the entire adult (18 years and older) populations. To address the early life history of 

Pacific lamprey we investigated two fine scale habitat parameters in the Willamette River 

Basin, Oregon, U.S.A. by: 1) evaluating the substrate size most closely associated with 

larval abundance, and 2) evaluating the association of organic material with larval 

abundance.   
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ABSTRACT 

Native Americans have utilized traditional ecological knowledge (TEK) since 

time immemorial to guide their ways of life. Pacific lamprey Entosphenus tridentatus 

plays a sacred role in the traditional lifestyle of each tribe, who utilize the fish for food, 

medicinal and spiritual purposes. The decline of Pacific lamprey went unrecognized by 

mainstream society, with the exception of Native Americans, who brought the issue 

public and currently fund research to restore the population within the Columbia River 

Basin. The Willamette Rivers supports a traditional lamprey harvest at Willamette Falls, 

which continues to persist, despite great losses in adjacent basins and remains a 

stronghold for harvest amongst Columbia River Basin Tribes (CRITFC, 2011). I sought 

tribal values for the purpose of informing conservation planning of Pacific lamprey using: 

1), oral history interviews of tribal elders, and 2), written questionnaires distributed 

across the entire adult (18 years and older) populations.  I investigated the cultural 

significance of lamprey amongst the three tribes through semi-structured interviews with 

tribal elders to gain insights into the biology, distribution, cultural value and population 
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decline. I interviewed a total of 32 tribal elders, 11 from the Grand Ronde, 10 from the 

Siletz, and 11 from the Umatilla. I distributed a standardized questionnaire to a sample of 

each adult tribal population to assess fishing awareness and cultural value, and received a 

total of 187 responses, 38 from the Grand Ronde, 60 from the Siletz, and 90 from the 

Umatilla. From my interviews, I found that each tribe has noticed a steep decline in 

Pacific lamprey populations within their ceded areas, and has seen traditional harvest 

locations lost due to population declines or anthropogenic damage, leaving Willamette 

Falls as the sole harvest site for the three tribes. Questionnaire results showed that the 

strongest issues relating to the traditional usage of lamprey amongst each tribe are 

awareness, harvest accessibility, and capacity. Appropriate conservation measures should 

be taken to address restoration of native habitats for Pacific lamprey. Efforts that educate 

mainstream society should be implemented to reduce further degradation of this species. 

There is a potential for further cultural loss with the continued decline of Pacific lamprey. 

Conservation work that promotes the restoration of Pacific lamprey is crucial to the 

tradition and culture of the Grand Ronde, Siletz, and Umatilla Tribes. 

INTRODUCTION 

The Pacific lamprey is a primitive anadromous fish, native to western North 

America. Lamprey or “eels” as they are known amongst the tribes are a cultural icon of 

Indigenous people of Western North America. Lamprey populations have declined 

significantly over the last 40-50 years, due to a multitude of anthropogenic disturbances 

(CRITFC, 2011; Luzier, et al. 2011).  To understand the cultural value of Pacific 
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lamprey, we describe the history involved. In 1855, the treaty tribes (the Nez Perce Tribe, 

the Confederated Tribes of the Umatilla Indian Reservation, The Confederated Tribes of 

the Warm Springs & the Confederated Tribes and Bands of the Yakama) of the Columbia 

Basin signed treaties that relinquished millions of acres of land to the United States in 

return for their right to fish at “usual and accustomed areas,” on ceded and reservation 

lands (Jones, et al. 2008; CRITFC, 2011). 

In accordance with similar land ceding treaties promising a permanent reservation 

to be selected by President Franklin Pierce, the Western Oregon Tribe’s permanent 

reservation was designated in the President’s 1855 Executive Order, which created the 

“Coast or Siletz Reservation.” However, an encampment outside of the Coast/Siletz 

Reservation was designated the Grand Ronde reservation in June 1957 by Executive 

Order (Lewis & Kentta, 2010). The Siletz tribe signed at least eight treaties between the 

years of 1853-1855 (Wilkinson, 2010).  The Western Oregon Indian Termination Act 

went into effect in 1956, officially terminating the federal status of both the Grande 

Ronde and Siletz Tribes (Downey, et al. 1996; Lewis, 2009).   

 Presently, the Grand Ronde, Siletz, and Umatilla rely on the summer harvest that 

occurs on the lower Willamette River, at Willamette Falls, a basalt cascade with a 13 m 

drop, the second largest waterfall per volume in the North America (City of Oregon City, 

2014). Adult Pacific lamprey returns at Willamette Falls were as low as 63, 517 in 2010 

up to 245,325 in 2012 (Baker & Graham, 2012). In the lower mainstem Columbia River, 

at the furthest downstream hydroelectric dam, Bonneville, adult lamprey counts have 
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declined from 1 million in the 1960s, to 20,000 yearly (CRITFC, 2011). Each tribe once 

harvested Pacific lamprey within their “usual and accustomed areas,” which were areas 

located within the land they ceded to the United States Government upon treaty signing.  

Conservation planning is the standard method of addressing species decline, 

through processes of setting measurable recovery goals and objectives, to determine a 

sustainable population and a timeline for specific actions to be completed as seen in 

Carmichael, et al. (2010). These methods would decide future management actions to 

meet future goals that determine the status of the species (Luzier, et al. 2011). 

Historically, Native Americans have not been consulted by federal decision-makers, even 

while being legal stakeholders in the resource and have only recently been consulted on 

major conservation decisions (Petersen, 2006; Jones, et al. 2008; CRITFC, 2011; Luzier, 

et al. 2011; Montag, et al. 2014). If tribes are to be equal stake-holders in natural resource 

planning, an understanding of their beliefs and cultural values is vital to effectively meet 

goals and legal obligations (Montag, et al. 2014). In the Pacific Northwest, where the 

tribes are stakeholders in natural resource decisions, successful conservation planning 

should include Indigenous values to meet treaty obligations and prevent future litigation. 

Population declines of culturally important species can cause losses within ecosystems 

and culture (Petersen, 2006).  Recovery plans, such as Carmichael’s (2010) have 

recognized that Northwestern U.S. Tribes have been designated as co-managers with 

state and federal entities in issues such as regulating salmon and trout harvest, and tribal 

harvest goals are specified within recovery goals.  Specific harvest goals are input into 

salmon conservation plans, but specific Pacific lamprey harvest goals have not been 
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implemented into lamprey recovery documents (CRITFC, 2011; Luzier, et al. 2011). The 

Pacific Lamprey Assessment and Template for Conservation Measures (2011), authored 

by the United States Fish and Wildlife Service, calls for: “a self-sustaining and 

harvestable populations of lamprey throughout their historic range,” but does not set a 

specific harvest goal, nor do they stipulate exact harvest evaluation within the natural 

range. The CRITFC Tribal lamprey plan developed in 2011 calls for “restoration of 

Pacific lamprey to sustainable, harvestable levels throughout the historical range and in 

all tribal usual and accustomed areas by the year 2050,” yet no specific harvest measures 

are specified, and complete harvest locations are not stated. The cultural knowledge of 

the Grand Ronde, Siletz, and Umatilla Tribes could be used to inform conservation 

planning and recommend lamprey harvest measures within a portion of their historic 

range.  

METHODS 

I focused on three Oregon Tribes, each with strong cultural traditions associated 

with Pacific lamprey, and who all rely on Willamette Falls for ceremonial lamprey 

harvest. The Confederated Tribes of the Grand Ronde (CTGR) consist of 27 tribal bands 

of pre-contact western Oregon, southwest Washington state, and northwest California. 

The present day Grand Ronde tribal base is located in Polk and Yamhill counties of 

western Oregon, a distance of 100 km from Willamette Falls 

(http://www.grandronde.org) (Figure 2.1.). The Confederated Tribes of the Siletz Indian 

Reservation (CTSI), a confederation of 27 tribal bands, is located on the central Oregon 
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coast, a distance of 214 km from Willamette Falls (http://ctsi.nsn.us/) (Figure 2.1.). The 

Confederated Tribes of the Umatilla Indian Reservation (CTUIR) is made up of three 

tribes of pre-contact southwest Washington state and northeast Oregon. Presently, the 

Umatilla Indian Reservation is located in northeast Oregon, 359 km from Willamette 

Falls (http://www.umatilla.nsn.us) (Figure 2.1.). The Grande Ronde and Siletz Tribes are 

western Oregon Tribes, historically spending most of their time in the lower Columbia 

River Basin, west of the Cascade Mountain Range. The Umatilla Tribe is a 

plateau/middle Columbia Basin Tribe, and has Treaty Fishing Rights attached to the 

mainstem Columbia River, and is part of the Columbia River Inter-Tribal Fish 

Commission. 

I conducted semi-structured oral interviews with enrolled tribal members of the 

Grand Ronde, Siletz, and Umatilla to gain insight into conservation planning in 2014. I 

interviewed Tribal elders because they were most likely to have knowledge of traditional 

tribal history and culture. Non-probability sampling is appropriate for research primarily 

focused upon exploring an individual’s views in depth on a particular issue or to 

document specific knowledge (Newin, et al. 2011). I used a modified snowball sampling 

technique, gaining insight from the study participants to identify additional tribal 

members to interview as discussed by Biernacki & Waldorf (1981). I conducted the 

interviews in person, asking 25 questions (Table 2.1.) in the same order. The questions 

were developed to understand historic value and use of lamprey by Native Americans, 

and the cause and cultural effects of lamprey decline. Interviews ranged in length from 20 

min to 3 hours. I recorded each interview and took written notes. I then transcribed each 
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interview and compared it with the notes for clarity. Interviewees were given copies of 

the transcriptions for a final check of clarity and appropriateness. Interviews were then 

coded for six specific themes: traditional ecological knowledge, harvest locations, fishing 

at Willamette Falls, reasons for decline, current state of lamprey, and the cultural value of 

lamprey. I used direct quotations in the results section, to reflect common themes and 

values. 

  A standardized questionnaire was developed in 2014 to understand historic 

lamprey presence, knowledge of harvest, cultural value and current use associated with 

Pacific lamprey decline amongst the three study tribes of tribal members in general to 

supplement and potentially contrast with the information obtained from the interviews 

with the elders. The questions were structured to inform future conservation planning 

regarding lamprey. The questionnaire was disseminated amongst adult (18 years and 

older) tribal citizens of the Grande Ronde, Siletz, and Umatilla Tribes. Due to varied 

tribal policies regarding the release of personal information such as postal addresses and 

emails, I used a mixed methodology in an effort to characterize each tribe. The 

Confederated Tribes of the Grand Ronde (CTGR) consists of approximately 5,310 tribal 

citizens (Personal communication, CTGR Lands and Culture Department). The Grand 

Ronde Tribe employs strict regulations on the dissemination of personal information 

related to its people; therefore I was unable to secure tribal citizen’s physical addresses 

and emails in accordance with my study design. Instead of using online or physical 

surveys as I did with the Siletz and Umatilla Tribes, I placed an article in the Tribe’s 

Smoke Signals newspaper with the survey in full print, readers were asked to fill it out 
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and mail back to us. To further reach a sample of the Grand Ronde Tribal population, I 

made contact with 63 Tribal citizens at Grand Ronde Tribal offices and two Tribal Pow-

Wows, and asked them to complete a written survey. Of the 63 individuals contacted, 15 

were under the age of 18, disqualifying them from the study, 10 other people declined the 

survey. I received a total of 38 (60%) completed surveys. 

The Confederated Tribes of the Siletz Indians of Oregon (CTSI) consists of 4,920 

Tribal citizens, of which 3,417 (69%) are over the age of 18 (Confederated Tribes of 

Siletz Indians. http://ctsi.nsn.us/ (Accessed 6/7/2014). The Siletz Tribal Planning 

Department provided a random sample of 500 postal addresses of adult Tribal citizens. 11 

of these addresses were removed from the study, as they included individuals who were 

not included my Institutional Review Board research permit. Approximately 489 survey 

packets were mailed out, each containing a printed version of the questionnaire. 21 

surveys were returned as having invalid addresses. Of the remaining 468 surveys, 60 

(13%) were completed and returned 

The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) consists of 

a total of 2,893 Tribal citizens, of those, 2,025 (70%) are above the age of 18 (Personal 

communication, CRPD, CTUIR). The CTUIR Cultural Resources and Protection 

Department provided a random sample of 235 email addresses of tribal citizens, which 

were used to disseminate the questionnaire (Appendix A.) online with SurveyMonkey ® 

(surveymonkey.com). 13 of the email addresses were returned as invalid. Of the 
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remaining 222 valid addresses, approximately 90 (41%) surveys were completed and 

returned.  

The mixed methodology I used is appropriated because Native American tribal 

populations are traditionally difficult to assess and physically locate as modern tribal 

people live both on and off reservations. I acknowledge that tribal reservations are often 

lacking in such as internet and telephone service as discussed by Ericksen (1997), thus 

possibly allowing for a biased representation when approaching a single method 

(Donatuto & Harper, 2008). Questionnaire results were compiled into a Microsoft 

Excel® database. Database spreadsheets were examined for trends using the Pearson’s 

Chi- square test and Fishers’ Exact Test which calculate whether the overall distribution 

of the response variable is the same for each level of explanatory variable (Onchiri, 

2013). The Fisher’s Exact Test is also used to measure the relationship between 

categorical variables, but is appropriate for small sample sizes, as I used it for (Camilli, 

1995). I examined whether the variables age and tribe accounted for variation in 

questionnaire responses. I grouped the response value by age into two year classes (18-

43) and (44 and above), I based these classes on generational understandings; those who 

are 44 in the year 2014 would have been born in 1970. This was the year tribal elders 

from each study tribe and Downey, et al. (1996) agree that lamprey were in a noticeable 

decline and ecological change rapidly increased. I also examined differences in opinions 

within each tribe, to understand the intergenerational value in fishing across ages of tribal 

people. I then grouped the results from the tribes together, and conducted analysis to gain 

insight into modern values and shared ideals amongst the regional tribal groups.  



19 
 

RESULTS 

 Thirty-two tribal elders took part in semi-structured oral interviews. Eleven tribal 

elders from the Grand Ronde Tribe (range = 56- 79, mean = 69), 10 from the Siletz Tribe 

(range = 44-86, mean age = 66), and 11 Tribal elders from the Umatilla Tribe (range = 

51-89, mean = 68). I was able to interview one current Tribal Council representative from 

each Tribe, whom are elected Tribal government officials in leadership positions. 

Traditional Ecological Knowledge of lamprey  

 As it is told, when the creator asked animal species, who is going to step forward 

to feed the Tribal people? The “ksuyus” or eel (lamprey) came forward and volunteered 

himself to forever provide for the tribes (Close, et al., 2002; CRITFC, 2011). There are 

many stories and traditions that are associated with the act of harvesting and preparing 

lamprey. At ceremonial dinners, children were told to eat lamprey heads as they made 

you more intelligent. There is an “eel dance” that is performed to give thanks towards the 

lamprey. Each tribe utilized lamprey as an important food source, but also for their oils 

and the tale as a baby pacifier. There are also many physical signs that lamprey were 

running in the rivers. Adult lamprey would return in the Spring/Summer when a flying 

invertebrate, dark in color and resembling an ant would appear. 

 CTUIR citizen Thomas Morning Owl: The eel birds, they are the ones that fly in a 

staggery flight motion. When they are flying, that’s when the eels are here, […] night 

hawks. 
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Siletz Tribal Council Vice Chairman Alfred Lane: When the eel ants are out, big 

black ants signal that the eels are running. This happens every May; we have always 

known them as eel ants. As kids we noticed that every June, crawdads would emerge from 

hibernation and eat the eel carcasses. When the eels started to return less, the river 

started to crash as the crawdads didn’t return anymore either. The Siletz River also had 

many freshwater mussels right beneath my house on the river that you don’t see anymore. 

It was right around the late 1970s and early 1980s when all of this bad stuff started to 

happen. 

The tribes have always said that juvenile lamprey clean the streams, and it was 

important to know which areas that juvenile fish were located. 

CTUIR elder Melvin Farrow: The juvenile eels like those nice sediment areas, 

deep pools and ponds; we have plenty of those on the Umatilla River now. 

Siletz elder Oscar Hatfield: When I was a kid, you could go down there to the 

river and go swimming, you could dig in the sand and the rocks and you could dig those 

little eels up, lots of them, now you go down and you can’t find any. 

There are two specific runs of lamprey, a “day eel” and a “night eel.” The day eel 

is lighter in color, a greenish gray, and smaller compared with the night eel which is 

darker in color, and larger than the day eel. Day eels were often not eaten, the night eel 

was considered fresher and the preferred fish of consumption. The olfactory power of the 

lamprey was often noted, fishing techniques were in place that acknowledged their 

sensitivity. 
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 CTUIR Tribal council member Kat Brigham: When you harvest eels, you must 

start from the bottom, as they will smell your hands if you start from the top. That was an 

important lesson that I was taught as I first harvested from the top and all of the 

remaining fish let go of the rocks and dropped into the water! We had to go back to the 

line and wait an hour for our turn again. 

Harvest locations 

 Elders from the Grand Tribe predominantly mentioned a harvest site on the 

Salmon River, a stream originating in the central Oregon coast range, within the 

unincorporated community of Rose Lodge. A total of 9 of 11(82%) Grand Ronde elders 

specifically mentioned Rose Lodge Falls as a traditional eeling location. The site is 

located behind a business off of a major Oregon highway. Tribal members had vivid 

memories of fishing there as children with their families. 8 of the 9 (89%) elders whom 

knew of Rose Lodge, were unsure as to the current conditions, and if it was still active as 

a harvest site. Seven Grand Ronde elders mentioned that the area of the Rose Lodge Falls 

was intentionally damaged through the use of explosives, as a way of deterring tribal 

people from fishing there. The local business owners were responsible for the destruction, 

which occurred in 1974, allegedly because they thought the lamprey fishing was bad for 

their business. Tribal people would use their hands or gaffing poles, which range from 1 -

10 meters, to catch lamprey. A gaffing pole was a piece of carved wood, usually cedar 

that was equipped with a hook, made from deer antler, and later iron. 
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CTGR elder Carol Logan: Last time we went down there (Rose Lodge) was in 

1973, because then in 1974 they blew that falls apart there. I mean if somebody went 

there and looked at it they would think it was natural right now, but it’s not, it’s not the 

way it was. The eels had access to both sides of the rock walls where the falls came, and 

it was still part of their bodies was in the water, but yet they had room to hook on to, 

several of them could go up on each side at a time. It wasn’t like they really struggled or 

anything to get over there, just the way the area is, the way the rocks are set, it is kind of 

a nice little area to go. […] I know that the restaurant that was up there at the time, the 

people did not like us getting eels, somehow it offended them. Then we heard that it was 

blown out of there. [..] I went there and just never went back again it was very 

heartbreaking. 

CTGR Tribal members also reported fishing on John Falls of the South Yamhill 

River, Stella Falls on the Little Nestucca River, Fendall Falls on Willamina Creek, Slick 

Rock Creek, a tributary of the Salmon River, and the mainstem Santiam and Clackamas 

Rivers. Elders of the Siletz Tribe were also aware of the Rose Lodge site, and would 

traditionally travel there to interact with the Grand Ronde Tribe. Four of the Siletz elders 

stated that they either fished or had family who fished the mainstem Siletz River. Tribal 

members would fish at night using fires within canoes to illuminate the river, and they 

would gaff fish out of the channel. The majority of the historic Siletz Tribal eeling took 

place on the Siletz River, often on the mainstem but also within tributaries, specifically at 

Rock Creek  
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 CTUIR elders reported fishing for lamprey on the Umatilla River, at Three-mile 

Dam, gathering eels right off of the rock waterfall area, until an irrigation dam was built 

atop it.  Fifteenmile Creek, a small tributary of the mainstem Columbia River located 

near present day Dalles, Oregon. Celilo Falls was a large source for the lamprey fishery, 

many Elders fished for eels as kids there. Catherine Creek, a tributary of the Grande 

Ronde River.  

 CTUIR elder Fermore Craig: Used to be one time at Threemile, before they 

changed it around, we used to go there. I had an older brother who is gone now, he took 

my older daughter and step-daughter, they used to go out and get eels. Used to get them 

up here, 1960-61, then they poisoned the river, after couple of years just wiped them out. 

I went to Willamette, when the Willamette River [..] me and a guy who is married here, 

Harvey Jim, rented a boat and went to the Falls, and then we were up there an hour, had 

butterfly nets to scoop them up and filled 3 gunny sacks. My late wife she knew how to cut 

and dry eels, clean them out, dry them and froze some of them, roasted some.  

Fishing at Willamette Falls 

 Each tribe has fished for many centuries at Willamette Falls, and each mentioned 

concerns about the water quality and the safety of consuming lamprey collected there. 

Just one Grand Ronde elder (9%) had fished for lamprey at Willamette Falls, and that 

instance was in the last decade. Two Siletz elders recalled fishing at Willamette Falls 

(20%), which occurred relatively recently Five Umatilla elders had fished for lamprey at 

Willamette Falls (45%).  
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CTUIR language teacher Mildred Quaempts: I went there to the site, and looked 

before they made these new laws or whatever they call it, now where they are trying to 

enforce the seasons for eels […] I saw a brother in law there that fished, and he gave us 

some, and then he gave me the whole gunny sacks that he had, then he just told me to 

bring it back, because I was married at Warm Springs, and then I brought them there and 

just dropped them off, whomever wanted them, mostly elders. But, one of the statements 

that was made to me when I did that was: “Where did these come from?” Then I told 

them and they said: “paper eels, is what they called them, because of that paper 

company.” 

Decline of Pacific lamprey 

Each tribe mentioned intentional poisoning as being a driver behind lamprey 

decline in their native tributaries. Hydroelectric dams have also drastically changed the 

way of life for each tribe, with multiple fishing sites lost due to their construction, 

including much of the Columbia River upstream of Bonneville Dam, including Celilo 

Falls and Three Mile Falls. Grande Ronde elders pointed to State of Oregon implemented 

poisoning efforts, logging effects, poor water quality and general degradation as causes of 

lamprey decline.  

CTGR Tribal Chairman Reyn Leno: I remember being a little kid and getting 

teased about the eels were in the river [..], I think that sometimes they took that to heart, 

that you know they are not good for you, they might bite you and all of this stuff and they 

destroyed their habitat. Not really understanding that they actually were a food source. 
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[…]Non-Tribal people would come down to the (Rose Lodge) Falls and would say: oh 

those eels are out there, they would go crazy thinking that they would really tear your leg 

off, at sight of thousands of eels on the rock wall there, they are not a pretty animal.  

They serve a function in the river, so why would anyone question as to whether they serve 

to correct the balance, you know. 

Siletz Tribal Council Vice Chairman Alfred Lane: Tribal members have said they 

witnessed the State poisoning the eels directly in the river. More than one credible 

witness has stated that they saw state employees dumping poison, white pellets into the 

streams and when confronted they said “they were poisoning the eels to prevent them 

from out-competing other fish, like salmon and steelhead.” I’m not sure if there was a 

belief at one time that they were in competition with one another, I don’t know how that 

could be they don’t even eat the same thing. 

The Siletz River was historically abundant with lamprey, Siletz elders noted that 

poisoning efforts on the Siletz River by the State of Oregon was significant in the decline 

of Pacific lamprey. Siletz Tribal elder Ed Ben stated that he attended Oregon Department 

of Fish and Game meetings in the late 1960s, and was present when the issue of salmonid 

decline was brought to attention. Ben stated that at several of these meetings, 

representatives from the Great Lakes region were present. Siletz Tribal elder, Ed Ben: 

The State Fish commission would meet in the Oregon State Capital building in 

those days, I was working for the state and my job called for me to be professionally 

dressed. I found out about that meeting, one thing they were discussing was foreign 
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vessels fishing too close to the Oregon coast, but also they were concerned with the eels. 

I made it a point to get into the meeting, I was never invited, never signed an attendance 

sheet, but I got into the meeting. They got around to discussing the lamprey eel, and their 

interpretation of how it was a problem in reducing the number of fish returning to the 

rivers, they had consultants there at the meeting, from the Great Lakes, the Great Lakes 

had eels coming in by way of the canals, the St. Lawrence River, canals all over the 

place. In the history they described, the consultants, they considered the eels the 

problem; they had tried everything to eradicate those eels, even using electrical barriers, 

to prevent the eels from going up to spawn. So what they did, they resorted to chemically 

destroying the spawning areas. They were describing the final process of the eliminating 

eels, and the State of Oregon people were eating it all up. I spoke up; “Saying one of the 

things you have to understand is that the eels in Oregon don’t have to be controlled, ..[I 

said ] there is a control mechanism already, we Indians consume them, we eat those!  

Probably nobody back East who eats them!” The head of the Oregon group told me: 

“that is altogether a different species we are dealing with sir.” I told him: “I beg your 

pardon sir, from what I have learned it is the very same animal, when the runs come up 

the Siletz River, and the Columbia River, we Indians, that right there is our food source.” 

The official insisted it was a different species, I said: “you keep telling me they are a 

different species, you have an expert down there, ask him?” The expert looked down at 

his papers, looked up and said: “that young man is right it is the same animal.” So I sat 

in this meeting where they were getting all of this information about chemically 

controlling eels, isn’t it strange that not many years after that our eels disappeared? 



27 
 

They had the information, the question is did they use it? Our people will tell you, the 

crayfish, all species disappeared. This meeting took place in the late 1960s, up there on 

the second floor of the Capital building… I would sign a notarized statement if they 

needed it. One of our Tribal members, also before he died, told some of our elders that he 

worked for the State of Oregon, and he dumped pellets into upper portions of the Siletz 

River and Rock Creek. But he has died now; it is too late to get a statement. 

 In the Umatilla River, Pacific lamprey were eradicated in the 1960s, as were most 

every aquatic species through the use of rotenone poisoning, which was done in an effort 

to increase the number of salmonids in the system. After the Umatilla River was treated 

with rotenone, few lamprey were ever seen until the tribe began reintroduction efforts in 

the 1990s.  

CTUIR Board of Trustees Member Kat Brigham: The tribes first noticed the 

decline many years ago, probably in the 1950s, when the State of Oregon rotenone the 

river to reduce non-game fish. We noticed the decline almost immediately at Threemile 

Dam, and later at Fifteenmile Creek, where people would fish when the eels were known 

to run and often not catch anything all night. 

Current state of lamprey 

 Each tribe mentioned that lamprey populations are currently in decline, a 

testament to the current aquatic conditions of the local rivers. The tribes report that 

lamprey are now seen as a delicacy, a rarity at ceremonial and social dinners. Physical 

changes also exist, and like salmon and steelhead, modern Pacific Lamprey are smaller in 
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size, in both girth and length, compared to 30-50 years ago. Pacific Lamprey were once 

abundant in the Salmon, Siletz, South Yamhill, Umatilla, Walla Walla and Willamina 

Rivers.  

CTGR elder Ida Paterson: We don’t have eels here anymore [..] It was one of the 

traditional foods that we used to eat. The younger ones would enjoy it, like we did. We 

were young when we started doing it, and we enjoyed it. 

Grand Ronde Tribal questionnaire data indicates that 35% of the sample group 

has no idea how modern lamprey populations are doing (Table 2.2.), while 71% have 

never harvested lamprey. While 69% of the Siletz Tribe sample has no knowledge of the 

status of modern lamprey populations (Table 2.2.), 98% have never harvested lamprey. 

Umatilla responses indicate that 29% of our sample currently has no idea how lamprey 

populations are doing (Table 2.2.), and 58% have never harvested lamprey.  These results 

vary from the accounts of the way of life for many elders, who stated that lamprey were a 

major part of their culture and diet while growing up. One of the only women to ever fish 

at Celilo Falls, Umatilla Tribal elder Delphine Wood, was asked how often she ate 

lamprey growing up: As often as we could, sometimes it would be three times a day when 

we lived at Celilo, other times it would only be maybe once a day.  The same was said for 

western Oregon, as Siletz elder Oscar Hatfield put it: We ate em (lamprey) all summer 

long, I don’t know in the winter we only ate them once a month, it all depended on how 

many my grandmother canned, it was kind of a treat.                                                                                    

Cultural importance  
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Each tribe has long, direct cultural importance attached to lamprey. Pacific 

lamprey carries tremendous cultural and food value to the each tribe. First Food 

ceremonies happen each year, with or without lamprey, to honor them and pray for their 

return. The lamprey is revered in many traditional stories, songs and dances. Tribal 

members support actions to restore lamprey, and are proud to be leaders in conservation 

efforts. Tribal gatherings have had to undergo change, as lamprey are missing from their 

place in ceremony. As lamprey have disappeared from ceremonies, they have begun to 

lose their place in the traditional knowledge of the tribes. The loss of lamprey is a direct 

threat toward the way of life for each tribe. 

CTGR elder Martina Gilbert: I don’t know of anyone who fishes for eels around 

here, I haven’t seen an eel in years.[..] It would be very important, we could teach the 

younger ones how to do it.[..] More people would fish for eels if they had it written up in 

the paper or somewhere, where you could go and catch them. CTGR Tribal member 

Leonette Gallagher: To some people it would be real important, to maybe the more 

traditional Native Americans, and you know the people do not have access to them, so 

they don’t get to eat them. 

Questionnaire analysis 

 Questionnaire results indicate that 79% of Grand Ronde Tribal members have 

never fished for lamprey at Willamette Falls. While 77% of the Grand Ronde Tribe did 

not know that a boat was needed to access the harvest area at the falls. . Questionnaire 

results indicate that 94% of the Siletz sample have never harvested lamprey at Willamette 
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Falls, and 84% of the sample did not know that a boat was necessary to harvest. 70% of 

the CTUIR sample have never harvested lamprey at Willamette Falls, while 54% of the 

sample did not know that a boat is necessary to harvest. Over the total sample, 32% of 

respondents knew a boat was needed to access the harvest at Willamette Falls, and 16% 

of the total sample had ever harvested lamprey at Willamette Falls. 

Questionnaire results were analyzed by grouping all of the tribes together, and as 

individual groups. Total response data indicate there is still a strong connection with 

lamprey, despite a lack of opportunity or awareness as how to fish for them. From our 

sample, 73% of the respondents have not had the experience of harvesting lamprey 

(Figure 2.3.). Overall, 60% of the total sample has practiced a form of traditional fishing, 

while 29% of the same sample would like to fish, but does not have the resources, (Figure 

2.2.). 42% of the sample would like an opportunity to harvest lamprey, while 33% said 

they would consider harvesting lamprey, and 25% of the sample said they would not 

harvest lamprey (Figure 2.6.). 42% of the responses indicated that respondents had no 

idea how lamprey were currently doing, with 45% aware that they were at some level of 

decline (Figure 2.7.).  

We used the open source statistical package R (R Development Core Team 2013) 

using the add-on package MASS (Ripley, et al. 2014) to analyze the survey data. To 

further analyze respondent’s awareness of the current state of lamprey populations, and to 

examine whether age played a role in the responses, analysis was conducted to detect 

variation between age groups 18-43 and 44+, within each individual tribe. The Grande 
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Ronde (Fisher’s exact test, p = 1.0) and Siletz (Fisher’s exact test, p = 0.961) showed 

little correlation between age and response (Table 2.2.), suggesting that their survey 

answers were independent of their age. The Umatilla responses showed that those over 

the age of 44 were more aware of the current decline of lamprey (Chi-square test, df = 3, 

p-value = 0.016) (Table 2.2.). The questionnaire results were dependent on the two age 

variables 18-43 and 44 and above, implying that age did influence the responses. 

The tribes were separated into regional groups, with the Grand Ronde and Siletz 

data combined as the western group, and the Umatilla, as eastern. Comparisons were 

made by region, with traditional fishing found to be practiced more often by the eastern 

group, than the western (Chi-square test, df = 1, p-value = <0.0001) (Table 2.3.). The 

eastern group was also found to have harvested lamprey more often than the western 

group (Chi-square test, df = 2, p-value = 0.013) (Table 2.3.). Knowledge of lamprey 

harvest techniques, specifically that a boat is need to harvest at Willamette Falls, was 

found to be more prevalent in the eastern group, than the western (Fisher’s exact test, p-

value = <0.0001) (Table 2.3.). Current awareness of lamprey decline was found to be 

higher in the eastern group, versus the western (Chi-square test, df = 3, p-value = 0.002) 

(Table 2.3.). The only question that did not account for Tribal region was: Would you 

fish for lamprey? (Chi-square test, df = 2, p-value = 0.131) (Table 2.3.). 

DISCUSSION 

Traditional Ecological Knowledge  



32 
 

 I recognized the relationship between the decline of a culturally important fish 

species and the loss of cultural values, using traditional ecological knowledge, and 

current values related to tribal fishing practices. Like western science, TEK is a way of 

knowing, and should not be dismissed as anecdotal (Menzies, et al. 2006). When species-

specific ecological data is unavailable, TEK is a valuable tool in understanding species 

decline (Downey, et al. 1996; Close, et al. 2004; Petersen, 2006). The study tribes were 

among the Indigenous people who utilized their knowledge of the native fauna to 

recognize that Pacific lamprey were in decline (Downey, et al. 1996; Close, 2002). TEK 

is much more than culturally specific stories passed on through generations, it is 

important to understand that TEK is dynamic and based on specific interactions between 

the people and the natural environment (Petersen, 2006). The study tribes historically 

used a selective harvest, taking only what they needed and leaving fish to return to 

spawn. TEK should not be understood as a linear process of accumulated facts and data 

ready to be collected and stored by anthropologists and scientists (Menzies, et al. 2006). 

Traditional ecological knowledge has allowed for the 3 tribes to adapt toward a changing 

landscape. Each tribe has faced a rapid change in their traditional way of life; resilience 

and adaption have allowed each of them to hold on to some of their cultural values and 

ways of life. 

Tribal members stated that juvenile lamprey could most often be found in fine 

sediment; this point has been the focus ecological study (Schultz, et al. 2014) and would 

be informative for conservation management. Traditional harvest methods were known to 

start from the base the specific harvest area, meaning one would gather lamprey in an 
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upward motion, careful not to startle other lamprey, due to the strong olfactory sense of 

lamprey. Each tribe noted two specific runs of lamprey “day” and “night” eels, which has 

been mentioned in previous tribal studies of lamprey (Downey, et al. 1996; Close, et al. 

2004). This insight informed ecological studies focused on the migration of lamprey, with 

evidence showing diversity in returning adult lamprey life histories as seen in Clemens, et 

al. (2013). The day eels described by the tribes are said to be lighter in color, and smaller 

in size, which would associate it with the “stream maturing” life history, while night eels, 

said to be larger in size, and darker in coloration would be associated with the “ocean 

maturing” life history. 

Harvest locations 

By examining the loss of harvest, I assumed there is a loss of culture associated 

with the loss of knowledge of collection techniques, harvest sites and care of lamprey 

(Close, et al. 2002). The loss and destruction of the harvest site at Rose Lodge, Oregon 

can be pinpointed as an act that limited the Grande Ronde Tribes ability to harvest eels, 

and continue their culture associated with them. In 1954, the Grande Ronde Tribe lost 

their federal recognition when they were terminated under the Western Oregon Indian 

Termination Act, or Public Law 588. The loss of federal recognition created many 

hardships at an already difficult time for the tribe, and for the next 29 years they suffered 

from social ills and a loss of culture and community (Lewis, 2009). The loss of federal 

recognition limited the tribes’ rights and legal freedoms for recourse over the loss of Rose 

Lodge. Many Grande Ronde elders stated that when they were growing up, it was hard to 
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practice their culture, due to the local animosity towards them by the surrounding non-

native communities. Many specifically stated that this negative association with their own 

culture, and the pressure to assimilate prohibited them from practicing many of their 

traditional activities, including eeling. 

Rose Lodge Falls is a 3 m natural pillow basalt drop, located 15 km inland from 

the Pacific Ocean. Rose Lodge Falls is within the unincorporated community of Rose 

Lodge, Oregon which is within the ceded lands of the Confederated Tribes of the Grande 

Ronde, but was also an area used by the Confederated Tribes of the Siletz. The Salmon 

River Basin originates in the central Oregon coast mountain range, and drains an area of 

194 km² before it enters the Pacific Ocean near Lincoln City, Oregon, (Cornwell, et al. 

2001) (Figure 2.1.). Land ownership is dominated by private entities, with primary land 

use being forestry production (ODFW, 1997). Wild steelhead and coastal cutthroat trout 

remain in the river, while ODFW maintains hatchery production of fall Chinook, Coho, 

rainbow trout, and summer steelhead (ODFW, 2014). There is little published literature 

on lamprey populations of the Salmon River (Kostow, 2002), salmonid focused recovery 

is thought to also benefit lamprey, with the exception of passage through anthropogenic 

barriers (ODFW, 1997; Keefer, et al. 2013). The Rose Lodge Falls site is not thought to 

be a barrier to salmonid passage (ODFW, 1997) but with the reported alteration, it now 

could be a passage barrier to lamprey. 

The Siletz Tribe harvested lamprey in the mainstem Siletz River, but would also 

use the largest tributary, Rock Creek. This was also shown to occur in a Siletz Eel Study 
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by Downey, et al. (1996). The Siletz are now limited by river access, and low populations 

of lamprey. Future studies that approximate population numbers within the Siletz River 

would assist in conservation planning efforts. 

 Harvest locations have limited the Umatilla Tribe so much that they have to 

travel 359 km to Willamette Falls. Celilo Falls, the famous steelhead and salmon fishery, 

was also a productive lamprey harvest site. Children had opportunities to collect them 

within the smaller, meandering channels that were located near the closest islands near 

the falls. When Celilo Falls was inundated in 1957, to make way for the construction of 

The Dalles Dam, the Umatilla and other tribes who depended on the area were at further 

loss. For a short time in the 1970s, Tribal members were permitted to fish from the 

Bonneville Dam salmonid ladder, as they would congregate on and near the public glass 

viewing area, which was adjacent to the fish counting window. Bonneville officials 

installed several electroshocking strips to prevent lamprey from blocking the view of 

teleost fish that dam visitors would gather to see. Three Mile Falls Dam on the Umatilla 

River was a natural lamprey harvest area until an irrigation dam was built on top of the 

rock wall. The dam, constructed in 1914 without modern fish passage technology, was a 

barrier for anadromous fish under most river flow conditions. Salmonid passage was 

updated in 1985, and more recently a lamprey passage device has been in place (Bureau 

of Reclamation, 1985). Current populations do not support a harvest at Three Mile Falls 

Dam. Current scientific research on low level dams has furthered knowledge on adult 

passage within the Umatilla, but populations have yet to recover enough to support a 
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harvest. Further research on the long term effects of lamprey translocation are necessary 

to evaluate work done on the Umatilla River.  

Former Grand Ronde Tribal Council Member Valarene Grout: Our traditions 

were lost many years ago, my grandparents talked Jargon, but I never did learn it. I 

don’t know we just lost everything when they moved us up here; some of our young 

people are bringing a lot of it back [..] I envy your tribe (Umatilla) and Warm Springs 

because they didn’t lose all their traditions, because they didn’t have to move. [,,,] Those 

two tribes were ones that weren’t terminated and kept their traditions.  

The Grand Ronde and Siletz Tribe were both terminated by the United States 

government in the 1950s; this inherent loss federal recognition further condemned both 

tribes to a rapid loss of culture. Traditional tribal lifestyles began to change throughout 

the time both the Grand Ronde and Siletz were terminated, with much of the U.S. 

environmental legislation having taken place during the 1960s and 70s. For tribes, 

accounting for unseen losses throughout history, such as: cultural and identity losses, 

health and psychological losses, losses of self-determination, and loss of knowledge due 

to species decline, are crucial toward understanding cultural recovery (Close, et al. 2002; 

Turner, et al. 2008). The Grand Ronde traditionally harvested Pacific lamprey on the 

Salmon River, near Rose Lodge, Oregon. Historically, a rock waterfall area existed which 

allowed for harvest opportunities of lamprey, after the waterfall area was destroyed,  the 

Grand Ronde lost a major harvest area, and now rely on Willamette Falls for lamprey. I 

documented multiple harvest locations that have been eliminated through population 
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declines and physical destruction. The loss of physical access and rights toward usual 

fishing areas causes a loss of identity amongst those who have lost, and also an 

environmental disconnect that can have long lasting impacts, ultimately allowing for the 

group to be vulnerable to a multitude of social-ills (Nayak, et al. 2014). Cultural site loss 

has many adverse effects on Indigenous communities, directly affecting the mental and 

physical health of the community (Napoleon, 1996; Kirmayer, et al., 2003; Donatuto & 

Harper, 2008; APA, 2010; Graben, 2012).  Research on the study tribes has shown that 

cultural loss has contributed toward poor health (Lewis, 2009; Wilkinson, 2010) high 

levels of depression, substance abuse, and suicide (Streeman, 2011; Mackin, et al. 2012). 

A recent study of the Umatilla Tribe suggests that 50% of the adult population is 

suffering from clinical depression (CUJ, 2011; Streetman, 2011). 

Fishing at Willamette Falls 

 I found that in my sample of Tribal elders, few had ever harvested lamprey at 

Willamette Falls, which could be due to the relatively recent decline of lamprey in 

reservation streams, which in turn caused people to cease harvesting altogether, and left 

the perilous Willamette Falls as the only harvest site, one which elders would not be 

expected to attempt. It is also thought that the Tribal elders would have had opportunity 

to fish in their local streams, as many reported. Results from the questionnaire indicate 

that only 16% of respondents had ever harvested lamprey at Willamette Falls (Table 

2.4.), indicating the lack of experience available for Tribal people at the last reliable 

harvest site. 68% of the total sample did not know that harvesting at Willamette Falls 
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requires a boat (Table 2.5.), which indicates lack of knowledge pertaining to the last 

harvest location. These results indicate a cultural disconnect attached to lamprey, 

delegating Willamette Falls as a ceremonial harvest area, limiting use to a small 

percentage of Tribal members.  

All tribes lack a firm legal agreement surrounding the Willamette Falls harvest. 

Currently there is an agreement with the State of Oregon, allowing harvest during a set 

specific season usually dependent on river levels. Lamprey harvest usually occurs before 

flashboards are installed above the dam, to maintain water levels for power generation. 

Tribal harvest is restricted to the months of June or July, from Friday through Monday. 

Currently, federal treaty based laws are not being enforced at Willamette Falls, putting 

the tribal harvest at risk. According to United States v. Oregon, 1969: “It must so 

regulate the taking of fish that the treaty tribes and their members will be accorded an 

opportunity to take, at their usual and accustomed fishing places, by reasonable means 

feasible to them, a fair and equitable share of all fish which it permits to be taken from 

any given run." 

The state of Oregon agrees that Willamette Falls is a “usual and accustomed” area 

for the Grande Ronde, Siletz and Umatilla, which allows them for harvest opportunities 

by “reasonable means,” which at this time are not in place at Willamette Falls (U.S. vs. 

OR, 1969). There is currently little knowledge of what a “fair share” of the lamprey 

harvest would be, further research into population estimates of Pacific lamprey at 

Willamette Falls are needed. Currently, each tribe is at risk for further loss of an integral 
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part of their culture, the act of harvesting, preparing and consuming Pacific lamprey. The 

current harvest at Willamette Falls is a ceremonial harvest, with severe limitations that 

most Tribal members cannot meet.  

Decline of Pacific lamprey 

The construction of the Bonneville Dam in 1938 was seen as the first sign of a 

permanent lifestyle change towards the native people of the lower Columbia River Basin 

(Ulrich, 1999).  Following the construction of the Bonneville Dam, which set a precedent 

for hydroelectric dams in the Pacific Northwest, 17 more mainstem hydropower dams 

were constructed along the mainstem Columbia and Snake Rivers (Ulrich, 1999). The 

tribes of the region predicted that this was the beginning of the end for the traditional 

lifestyle they had once known, with such a drastic lifestyle change within a very short 

time (Ulrich, 1999). The Columbia River basin contains 18 mainstem hydroelectric dams, 

which greatly impede the survival and return of all anadromous fish, including Pacific 

lamprey (Luzier, et al. 2011). Rapid, changes in ecological conditions resulting from 

hydroelectric dams erodes social systems, traditional lifestyles, and leadership roles that 

breaks down the transmission of spatial specific knowledge leading to the decline of 

entire knowledge systems within Indigenous communities (Kirsch, 2001; Turner, et al. 

2008). 

The decline of lamprey was reported to have been originally noticed in the 1950s 

and 1960s. Elders pointed to the direct declines in their reservation streams, mentioning a 

top down effect, in which lamprey declined as well as general stream conditions. In the 
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Umatilla River, the construction of Three Mile Falls Dam, liberal irrigation withdrawals 

and the historic use of rotenone (Close, et al. 2004) has forever altered the way of life for 

the CTUIR people (Bureau of Rec, 1985; Close, et al. 2004). The use of rotenone has 

been documented in the Umatilla River, and in other Oregon streams (Luzier, et al. 2011) 

which would corroborate the testimony in Downey, et al. (1996), in which Siletz elders 

stated that the state of Oregon purposely poisoned the river.  

Current state of lamprey 

CTUIR questionnaire results could indicate a shifted baseline within knowledge 

of lamprey populations in the Umatilla River Basin, as 16% of Umatilla respondents 

believe that lamprey populations are doing well, and 29% being unaware of their current 

status. Of the 55% of respondents who said that lamprey were in decline, 65% of that 

group was over the age of 44. Currently, those over 44 years of age would have been 

born prior to 1970, and assuming they grew up within the Umatilla reservation, they 

would have witnessed the changing river ecosystem. The experience of witnessing the 

recent changes of the Umatilla River would give further insight into the respondent’s 

knowledge and history of the system. This is evidence of a shift in the baseline 

knowledge of lamprey in the Umatilla, a gap in the cultural knowledge. This could partly 

be due to reintroduction efforts that are publicized in the Tribal newspaper, with one 

recent headline statement of a record return of 300 Pacific lamprey, when pre 1960s runs 

were in fact much larger (CUJ, 2013). Umatilla elders recall a meandering river which 

supported naturally returning anadromous species, and those who have grown up post 
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1960s are accustomed to the hatchery steelhead and Chinook that were first released in 

1982, and a lamprey population that has been mostly absent (Jones, et al. 2008). 

While the study tribes are located in Oregon, each has vastly different natural 

resource management groups. The Grand Ronde and Siletz both have relatively small 

fisheries science departments (< 25 people) (http://www.grandronde.org/ ;( 

http://ctsi.nsn.us/), while the Umatilla has a fisheries staff of over 100 full time 

employees, 50 + seasonal workers, and an entire 6 person unit dedicated to lamprey 

research (http://www.umatilla.nsn.us/). These differences could be seen as economic 

prioritization, as a stake-holder in decision making processes tends to direct resources 

toward programs of high intrinsic value (Montag, et al. 2014). 

Cultural importance  

 Each tribe historically depended on Pacific lamprey for survival, and revered 

them as a cultural staple. The Grande Ronde have a long history of harvesting in their 

local streams, but  most of their conservation efforts have been done within the last 

decade, and have focused on the Willamette River Basin (Courter, et al. 2012). The Siletz 

Tribe has a strong cultural value for Pacific lamprey, the noticeable decline of the Siletz 

River brought much attention and my results indicate the importance of what was found 

in Downey, et al. (1996). Pacific lamprey are an integral component of the CTUIR 

culture. Tribal member David Close, after consulting Tribal elders, brought the issue 

mainstream in the early 1990s. The CTUIR are working to reintroduce lamprey into the 
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Umatilla River, and are leaders in Pacific lamprey conservation research (CRITFC, 

2011).  

Questionnaire methodology and analysis 

 I used a mixed methodology to reach members of the Grand Ronde Tribe, in 

which I physically located respondents at two tribal events, and had them manually 

complete the questionnaire. Face to face surveys can offer many advantages over mail 

surveys in terms of complexity and overall data quality, but are often vulnerable toward 

increased response bias, and should only be done when all other options have been 

exhausted, as was the case in my study, as discussed in Doyle (2005). I posted an 

advertisement within the Grand Ronde Tribal newspaper, and visited two tribal 

gatherings as I saw these methods as the best opportunity to reach individuals within the 

research restrictions. Tribal Pow-Wows are cultural events, which act as a family reunion 

of sorts for tribes, and many people return to the area from their homes elsewhere. Non-

conventional methods have proven successful when dealing with restricted and distinct 

populations of people (Petersen, 2006). The Grand Ronde Tribe has 5,310 citizens, age 

demographic data was unavailable, but if I were to use age demographic comparison 

methods from the Siletz (69%) and Umatilla (70%), I can estimate that roughly 3,690 

(69.5%) enrolled citizens are over the age of 18. I received 38 completed questionnaires, 

which is equal to 1% of the population. Survey results were limited, but in under-

represented and hard to reach communities, response data is valuable toward future 

research within the population (Ericksen, 1997; Petersen, 2006). Native American 
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populations are those where it is difficult to access qualitative opinion, as they have many 

legal, physical and cultural limitations (Ericksen, 1997), not to mention as negative recent 

history with modern research methodology (Ericksen, 1997; Harding, et, al. 2012).  

 I used postal addresses and physical mailing packets to reach a sample of the 

Siletz population. I realize that the responses could have been biased by factors 

associated with mail surveys, low response rate and security issues related to individual 

responses. I received 60 (13%) surveys back from the 468 were successfully mailed, of 

the 3,501 adult Siletz Tribal members. 

 The lead author of this study is a citizen of the Umatilla Tribe, it is possible that 

he would be known to survey respondents, and knowledge of this within the respondent 

group could have biased the respondents, and thus answers. But according to Donatuto & 

Harper (2008), it is appropriate for tribal people, or people with knowledge of tribal 

lifestyles, to conduct proper research within tribal communities. I was initially concerned 

with the email distribution of the CTUIR questionnaires, fearing that the older age group 

would not have access to the internet, or as experienced with a computer, and impose an 

age bias into the study, but I received 55 of 90 (61%) responses from the 44+ age group.  

For my final analysis, I combined the study Tribes together to get a regional 

representation, mixing the methodologies within sample design. By combining random 

and non-random methods, I attempted to avoid the downward bias that occurs in 

sampling tribal populations, documented in Donatuto & Harper (2008), which suggests 

that random sampling misses the “transient” population common within Native 
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communities. When all Tribal respondents were asked whether they would like to harvest 

lamprey, 25% of the total sample said no.  From those who said they would not want to 

harvest lamprey, 74% were in the upper age groups, (44 and above). These responses 

could be due to the physical nature and risk of harvesting lamprey at treacherous 

locations such as Willamette Falls. There are also Tribal traditions that call for younger 

people to do the hunting, fishing and gathering for older people (Yurok Tribe, 1996; 

Aguilar, 2005). Older Tribal member were also more aware of the lamprey decline, those 

over the age of 44 would have been born in 1970 or before, and could have possibly 

witnessed the degradation of the local rivers, obviously making them more aware of the 

history. I examined the differences between Tribal elder’s fishing experiences and 

younger people’s fishing experiences, as the differences can provide insight and 

knowledge of environmental change as suggested by Menzies, et al. (2006). Responses to 

the question: would you harvest lamprey? Indicate a strong connection across all three 

tribes, as the answers were not associated with Tribal affiliation (Chi-square test, df = 2, 

p-value = 0.131) (Table 2.3.). This was the only question I found to not be associated 

with individual tribe.  

Questionnaire results indicate that Umatilla Tribal citizens have more recent 

experience with lamprey than both the Grand Ronde and Siletz (Table 2.3.) this could be 

due to the tribe’s active role in lamprey conservation and awareness, which has preserved 

cultural traditions. Both the Grand Ronde and Siletz were terminated from their federal 

status, which has directly impacted their connection and ability to harvest lamprey. 

Survey results indicate both tribes want to actively re-establish their lamprey culture. We 
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could be at a threshold for lamprey awareness within the tribes, there is still a strong 

cultural value that exists, but few have had the opportunity to harvest or are even aware 

of the technicalities involved with lamprey fishing. Results from my questionnaire 

indicate that each tribe is at risk for losing an important cultural tradition, as Whitbeck, et 

al. (2004) documented, cultural loss can rapidly occur within a single generation. 

CONCLUSION 

There is a lack of attention to Indigenous cultural values for native fish such as 

Eulachon, (WDFW, ODFW, 2001) Upper Willamette Chinook, (ODFW, NMFS, 2011) 

and Sturgeon (ODFW, 2011), despite legal and social agreements to acknowledge these 

values (CRITFC, 2011; Luzier, et al. 2011). While the issue of Native American values is 

often mentioned in conservation planning processes, it is merely anecdotal for both 

Upper Willamette Chinook,  (ODFW, NMFS, 2011) Middle Columbia Steelhead 

(Carmichael, et al. 2010) and Lower Columbia River Sturgeon (ODFW, 2011). I have 

documented specific cultural values that display the harvest, food and medicinal resource 

that lamprey provide, these are specific cultural practices that could be implemented into 

conservation planning. Including Indigenous values into lamprey conservation planning 

could enrich the process, and possibly prevent future litigation procedures, as 

documented in Montag, et al. (2014).  

This research has documented the importance of traditional ecological knowledge, 

and it’s applications for potential conservation management. While the authors agree with 

the notion that traditional ecological knowledge should not be collected to be compared 
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and validated by western science, the findings shown in this research and in Downey, et 

al. (1996), Close, et al. (2004), and Peterson (2008) can be used to guide western science 

toward questions that would fill critical knowledge gaps in the life history of Pacific 

lamprey. For instance, Siletz elders noted that when Pacific lamprey began to decline in 

the Siletz River Basin, they also noticed a decline of freshwater mussels. In a study of the 

western pearlshell mussel Margaritifera falcata and larval Pacific lamprey in the Eel 

River Basin, California, U.S.A. (Limm & Power, 2011) it was found that lamprey growth 

and respiration from beneath sediment was significantly enhanced by the presence of 

western pearshell mussels, which were historically found in the Siletz River Basin 

(Howard, 2005). Similarly, Grande Ronde, Siletz, and Umatilla elders retold to us 

information of distinct runs of returning adult Pacific lamprey, specifically a short, light 

brown “day eel,” and a long, dark “night eel” as also stated in Downey, et al. (1996) and 

Close et al. (2004).  Based on this traditional ecological knowledge, Clemens, et al. 

(2013) found evidence of two distinct migratory groups of adult Pacific lamprey, the first 

being a “maturing-mature” run, the second an “immature” run. In this study, traditional 

ecological knowledge informed us of an abundant harvest location on the Salmon River, 

at Rose Lodge Falls. There is no previous published knowledge of this fishery, but based 

on the habitat conditions at Rose Lodge Falls, one would not assume Pacific lamprey 

were present. With the traditional ecological knowledge we have been given, we could 

make restoration recommendations at the Rose Lodge site that would benefit ecologically 

and possibly provide a local tribal lamprey harvest. 
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This study addressed the cultural importance of lamprey to the Grand Ronde, 

Siletz, and Umatilla tribes each have shown a strong cultural value associated with 

Pacific lamprey. There has been a loss of culture associated with the loss of lamprey. 

Historically, the U.S. has not brought Indigenous populations as stakeholders into natural 

resource management, and thus withheld their cultural values and beliefs from policy 

(Montag, et al. 2014).  This case study has shown the vast knowledge base that exists 

within each tribe, and while natural resource decisions have excluded the values and 

beliefs of Indigenous people in the past, this is an example of a practical method of 

inputting Indigenous values into future resource management. The inclusion of a cultural 

understanding of species recovery would allow indigenous people the opportunity to 

focus on the future, and less on the constant mitigation, repatriation, and correcting past 

injustices (Turner, et al. 2008). Natural resources planners would be advised to partner 

with the tribes to develop a plan that can work toward goals of sustainable lamprey 

harvest in ceded lands, as well as a plan that will allow the lamprey population of the 

Willamette River to perpetuate. The conservation goal of restoring lamprey populations 

to a sustainable level in usual and accustomed areas by the year 2050, in agreement with 

CRITFC’s Tribal lamprey plan (2011) could be adopted by the Siletz and Grand Ronde, 

and account for a subsistence harvest of lamprey.  

I have documented that Pacific lamprey were integral to the everyday life of study 

tribes in my study, and the access to the resource, along with the acts of harvesting and 

eating the fish are cultural components fundamental to the traditional lifestyle of each 

tribe. Based on our research, I would recommend that the historic tributaries of the study 
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tribes should support sustainable harvest, within the known seasons. I do not have current 

knowledge of adult Pacific lamprey populations on the Siletz, Salmon, South Yamhill, 

Willamina and Umatilla sub-basins, but populations would need to be able to support an 

annual harvest, that takes into account an allowable take and sustainable spawning 

population. Based on current tribal populations and research on historic (Downey, et al. 

1996; Close, et al. 2004) and current harvest numbers from Willamette Falls (CRITFC, 

2011; Baker & Graham, 2012) suggests that a sustainable harvest of 1,000 Pacific 

lamprey within each of the listed sub-basins, along with the current harvest at Willamette 

Falls would allow for the cultural practices of harvesting and caring, and diet of the 

Grand Ronde, Siletz and Umatilla Tribes to persist. 
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Table 2.1. Oral history questions, in order, for interviews conducted with Grand Ronde, 
Siletz and Umatilla tribal elders. 

1. How old are you? What tribe are you enrolled in? 
2. Where were you born? Where do you live currently? 
3. Do you take part in any traditional tribal activities? 
4. Do you fish? 
5. How long back do you remember fishing? 
6. What do you fish for? 
7. Have you ever fished for lamprey? 
8. If so, when was the last time you fished for lamprey? 
9. Do you know of any places to harvest lamprey? 
10. Have you ever fished for lamprey at Willamette Falls? 
11. Do you know of people that fish for lamprey at Willamette Falls? 
12. Would it be worth the effort to travel to Willamette Falls to fish for lamprey? 
13. Do you still fish for lamprey?  
14. Do you know of any tribal traditions that involve lamprey? 
15. Do you know of other tribes that fish for lamprey? 
16. Looking back, how often would you eat lamprey growing up? And now? 
17. How were lamprey prepared to eat? 
18. Other than a food source, what else were lamprey used for? 
19. When do lamprey run? 
20. What were some signs lamprey were running? 
21. How do you think lamprey are doing now? 
22. What do you think led to the current state of lamprey populations? 
23. How important would it be to have a healthy returning population of lamprey? 
24. If lamprey populations were healthy, would people fish for them? 
25. What would happen if tribal ceremonies were held without lamprey? 
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Table 2.2. Percentage of Umatilla (n=90), Grand Ronde (n=38), and Siletz (n=60) survey 
responses to question of current lamprey population status, grouped into two age classes 
(18-43, 44 and over). Pearson’s chi-squared test & Fisher’s exact test. 

How are lamprey populations currently? 

 They are 
doing 
well 

Decline, but 
don’t know 

degree 

Decline, 
doing 
badly 

Unaware 
of how 
they are 
doing 

X-squared p-value 

    CTUIR       
Chi-squared 

test 
    

Age       

18-43 7% 4% 11% 17% 10.293 0.016 

44+ 9% 26% 13% 13%   

 16% 30% 24% 30%   
   CTGR   

Fisher’s 
exact test 

    

Age       

18-43 8% 16% 13% 26%  1.0 

44+ 5% 13% 8% 16%   

 13% 29% 21% 42%   
  CTSI  

Fisher’s 
exact test 

      

    Age       
18-43 2% 3% 7% 25%  0.96 

44+ 5% 3% 10% 44%   
 7% 6% 17% 69%   
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Table 2.3. Percentage of Umatilla, Grand Ronde and Siletz survey responses, grouped 
according to region, comparing western (Grand Ronde and Siletz, n=98) and eastern 
(Umatilla, n=90) tribes. Pearson’s chi-squared test. 

Comparing tribes by region - western (Grand Ronde, Siletz) eastern (Umatilla) 

Survey questions and response options Tribe X-
squared 

p-value 

 West East   

Do you do any traditional fishing? 
Yes, 
No, 

 
38% 
62% 

 
79% 
21% 

30.172 <0.0001 

Have you ever harvested lamprey? 
Yes, 
No, 

Other 

 
16% 
80% 
4% 

 
37% 
58% 
5% 

8.713 0.013 

Would you fish for lamprey? 
Yes, 

Maybe, 
No, 

 
38% 
30% 
32% 

 
42% 
37% 
21% 

4.155 0.131 

How are lamprey populations currently? 
They are doing well 

Decline, but don’t know how badly 
Decline, doing badly 

Unaware of how they are doing 

 
9% 
13% 
19% 
59% 

 
16% 
30% 
24% 
30% 

14.141 0.002 

 
Aware boat was required to harvest 
lamprey at Willamette Falls? 

   
20.0 

 
<0.0001 

                                  Yes, 
    No, 

 

15% 
85% 

 

46% 
54% 
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FIGURE LEGEND 

Figure 2.1. Map of Columbia River Basin (USA) and Pacific coast, displaying current 
Grande Ronde, Siletz and Umatilla reservations. Former Native American Pacific 
lamprey harvest locations are shown, Celilo Falls (mainstem Columbia River) the Siletz, 
Salmon, South Yamhill, Willamina and Umatilla sub-basins, and current harvest location, 
Willamette Falls. Map created by David Graves. 

Figure 2.2. Traditional fishing practices determined from survey, including each study 
tribe (Grand Ronde, Siletz and Umatilla). Response choices were either: (a) yes, (b), no 
but I would if I had the resources, or (c) no, I have no interest. 

Figure 2.3. Total (Grand Ronde, Siletz and Umatilla) survey responses to question of 
lamprey harvest, at any location. Response choices were either: (a) yes or (b) no. 

Figure 2.4. Total (Grand Ronde, Siletz, and Umatilla) survey responses to question 
asking if individual has ever harvested lamprey at Willamette Falls. Response choices 
were either: (a) yes, or (b) no. 

Figure 2.5. Total (Grand Ronde, Siletz, and Umatilla) survey responses to question 
asking individual if they were aware you needed a to access lamprey harvest at 
Willamette Falls. Response choices were (a) yes, or (b) no. 

Figure 2.6. Total (Grand Ronde, Siletz, and Umatilla) survey responses to question of 
whether individual would like to harvest lamprey. Response choices were either: (a) yes, 
(b) maybe or (c) no. 

Figure 2.7. Total (Grand Ronde, Siletz, Umatilla) survey responses to question of 
knowledge of current state of lamprey populations. Response choices were either: (a) 
they are doing well, (b) they are in decline, but to unknown degree (c) they are in decline 
and doing badly (d) unaware of how they are doing. 
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Figure 2.8. A lone Pacific lamprey attempting to climb the waterfall on the Salmon 
River at Rose Lodge Falls, Oregon. While much of the habitat degradation lamprey have 
faced was inadvertent, the destruction of the Rose Lodge Falls was done with the full 
intent of limiting and effectively ending a cultural value.  
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Figure 2.9. Ed Ben, Siletz elder, with traditional eeling tools that                                
were used on the Siletz River.  
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Figure 2.10. Tribal gillnet identification plate, used in the middle 20th century by Siletz 
Tribal Fishermen. Property of Ed Ben. 

 

Figure 2.11. Carol Logan, Grand Ronde elder, at the former Siletz/Grande Ronde harvest 
location, Rose Lodge Falls.
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RIVER BASIN, OREGON, U.S.A. 
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ABSTRACT 

The Willamette River Basin, Oregon, U.S.A. currently supports one of the last 

traditional Native American harvest sites of Pacific Lamprey Entosphenus tridentatus at 

Willamette Falls, Oregon, and consists of a population that continues to persist given the 

greater losses in adjacent basins. Recent studies focused on the rangewide decline of 

Pacific lamprey have addressed spawning activity, adult migration, and relative larval 

abundance. To further address a data gap concerning lamprey early life history, I 

investigated two individual fine scale habitat associations of larvae in the Willamette 

River Basin. Study objectives were to 1) evaluate the substrate size most closely 

associated with larval abundance, and 2) to evaluate the influence of organic material 

upon larval abundance. We used a backpack electrofisher to enumerate larval lamprey in 

six wadeable Willamette River tributaries, using a nested two-pass sample design at a 

lower, middle, and upper reach (each reach composed of ten 1-m² quadrats).  Stream 

sediment cores were collected for subsequent determination of particle size and organic 
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composition content.  I used particle size sieve analysis to estimated dominant substrate 

size class per sample, and measured organic matter by weight loss following combustion.  

Larvae were present in each reach, and detected in 37% of the quadrats.  I found larval 

lamprey densities highest in habitats with predominantly medium fine sand (0.25-0.50 

mm) substrate and organic material. I fit negative binomial mixed models using 

parameters for habitat measurements of sediment depth, sediment size and organic 

material and a random effect for basin. The top model consisted of parameters for 

medium fine sand percentage (0.25-0.50 mm), organic material, and a random effect for 

basin. I found substrate particle size to be the most influential habitat variable for larval 

lamprey abundance in the Willamette River Basin. To promote conservation of the 

Pacific Lamprey, activities that promote natural river flow and distribution of fine 

sediment may be of benefit. 

INTRODUCTION 

Pacific lamprey populations are experiencing noticeable population declines, and 

have significant knowledge gaps concerning the species’ natural history (CRITFC, 2011; 

Luzier, et al. 2011; Wyss, et al. 2013). Currently, the Pacific lamprey are in decline 

throughout their entire historic range, including the Willamette River population, which 

supports the harvest area at Willamette Falls, one of the last remaining traditional harvest 

areas of Pacific Lamprey (CRITFC, 2011; Luzier et al. 2011). The number of harvested 

lamprey at Willamette Falls have numbered as low as 10,000 pounds in 2001, down from 

as high as 500,000 pounds in 1946 (Ward, 2001; CRITFC, 2011). Pacific lamprey spend 

their juvenile life stage, 3-8 years, within freshwater habitats and are dependent upon 
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burrowable substrate  filter-feed detritus, algae and diatoms from below the stream 

sediment (Claire, 2004; Torgersen & Close, 2004; Stone & Barndt, 2005). However, 

recent observational evidence from Unrein et al. (In-preparation) suggests that larval 

lamprey may also forage on the substrate’s surface, particularly at night. Burrowable 

habitat is generally thought of as fine sediment that larval lamprey can freely move about 

in, support with a mucus burrow support, and fine enough to breathe through (Smith, et 

al. 2012; Taverny, et al. 2012). Stream sediment substrate that is too fine such as clay or 

silt is thought to possibly clog ammocoete gill lamellae and restrict water flows and 

access to food (Beamish & Jebbink, 1994). Very coarse substrate is often difficult for 

most larval lamprey species to burrow into and move about freely (Sugiyama & Goto, 

2002). Mucus secreted from the ammocoete to support the burrow does not support the 

coarser sediment grains as easily as the finer sediment (Sterba, 1962, as cited in Hardisty 

& Potter, 1971; Beamish & Lowartz, 1996). Sediment characteristics are generally 

thought to be key factors related to ammocoete abundance (Beamish & Jebbink, 1994; 

Beamish & Lowartz, 1996, Goodwin, et. al. 2008). Stream channel variables dictate 

spatial and seasonal habitats for juvenile lamprey (Stone & Barndt, 2005; Smith, et al. 

2011; Neeson, et al., 2012). Larval Pacific lamprey abundance was positively associated 

with fine substrate in the Willamette River Basin (Schultz, et al. 2014). Further research 

on fine scale habitat is needed to understand the mechanisms behind the variability of 

larval Pacific lamprey abundance shown in Schultz, et al. (2014) sediment size has yet to 

be quantified with larval abundance. The objectives of this study were to: 1) evaluate the 

substrate size most closely associated with larval lamprey abundance, and 2) to evaluate 
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the influence of organic material upon larval lamprey abundance.  To do this we used a 

backpack electrofisher to enumerate larval lamprey in six wadeable Willamette River 

tributaries, using a nested two-pass sample design at a lower, middle, and upper reach 

(each reach composed of ten 1-m² quadrats).  Stream sediment cores were collected for 

subsequent determination of particle size and organic composition content.  I used 

particle size sieve analysis to estimated dominant substrate size class per sample, and 

measured organic matter by weight loss following combustion.  These results concern a 

critical knowledge gap in the early life history of Pacific lamprey, and could aid in 

conservation and management actions that promote recovery.  

METHODS 

We sampled six major tributaries of the Willamette River, Oregon, U.S.A. in 

2013 (Figure 3.1.). Between June and September 2013, we sampled Marys River, an 

Oregon Coast Range originating stream that flows eastward directly into the Willamette 

River. The Luckiamute River, originating in the Oregon Coast Range, flows eastward 

into the Willamette River, north of the confluence with the Marys River. The Calapooia 

River, with headwaters in the Oregon Cascade Range, flows westward directly into the 

Willamette River (WRI, 2004).  Clear Creek, originates near Goat Mountain of the 

Oregon Cascade Range is a major tributary of the Clackamas River, the only study 

stream located downstream of Willamette Falls (WPN, 2002). Thomas Creek, with 

headwaters in the Oregon Cascade Range flows west into the South Santiam River 

(Langshaw, 2003). The Mohawk River, originating in the southern Oregon Cascade 
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Range, flows southwesterly into the McKenzie River, a major tributary of the Willamette 

(WRI, 2004).  I chose each stream based on telemetry data of adult Pacific lamprey 

migration and previous larval surveys from 2011 and 2012 as shown in Courter, et al. 

(2012) and Schultz, et al., (2014). We used a systematic nested sampling design as 

described by Torgersen and Close, (2004) and Stone and Barndt, (2005) within each 

sampling reach to collect samples that would assess habitat usage within each stream.  

Streams were segmented into three wadeable reaches (i.e. lower, middle and 

upper) in each tributary, for further information please see Schultz, et al., (2014).  Each 

reach was spaced roughly the same distance apart. I selected 40 meter stream sections 

within each reach, of which (10) 1- m ² quadrats were distributed along stream margins 

10 meters apart, as seen in Torgersen & Close, (2004), and Stone & Barndt, (2005) 

(Figure 3.2.). The 1-m² sampling design can effectively catch sedentary species and is 

more efficient at capturing variability within fish density, compared with simple, large 

scale designs as shown in Torgersen & Close, (2004).      

 An Apb-2 backpack electroshocking unit (Engineering Technical Services ®, 

Madison, Wisconsin) was used to sample the area within each quadrat (m²) using two 

separate 90 second passes. Passes were conducted immediately following each other. The 

electrofisher applied a pulsed burst train (3 on: 1 off) with a 25% duty cycle to stimulate 

ammocoete emergence and a fast pulse at 30 pulses per second to impair larvae to aid in 

capture with dip nets. Immediately after collection, larvae were anaesthized with 50 mg/L 

tricaine methanesulfonate) buffered with 125 mg/L sodium bicarbonate.  I used caudal 

pigmentation characteristics as shown in Goodman, et al. (2009) to identify and 



69 
 

enumerate larvae larger than 60 mm to species. (Wyss, et al. 2013). Brook lamprey and 

Pacific use similar habitats as shown in Schultz, et al. (2014) and are nearly 

undistinguishable when smaller than 60 mm, as seen in Goodman, et al. (2009). Based on 

this knowledge we only identified fish larger than 60mm. Fish were allowed to recover 

from the anesthetic before they were returned to their original stream location. 

  To assess habitat quality at the fine scale, I collected one stream sediment 

sample from the center point of each1- m² quadrat, using a Rickly Hydrological Hand 

Corer Sampler. The sampler was manually inserted into the sediment and a 5 cm 

diameter core of undisturbed sediment was extracted and collected it into a plastic tube, 

as in Shelton & Capel, (1994). I extracted sediment to a maximum depth of 10 cm, to 

minimize variance in sample volume similar to Beamish & Jebbink, (1994), Beamish & 

Lowartz, (1996), and Goodwin, et al. (2008). The hand corer was rinsed in-stream 

between samples, to avoid cross contamination. The sample was transported and stored at 

4 °C.  

I measured the maximum water depth, the central water depth, and the sediment 

depth within each 1-m² quadrat. To determine the dominant sediment size and total 

organic content by weight per sample, I dehydrated samples at  60°C until a constant 

mass was reached (±0.001 g) for a minimum of 24 hours (see Association of Official 

Analytical Chemists, 1984). To minimize sample size bias in my study, I set a minimum 

weight limit of 10 g per sample, to ensure that I had a large enough sample for organic 

content analysis. I sieved each sample using a laboratory shaker for 10 minutes to agitate 
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a series of Wentworth classification (Wentworth, 1922) sieves ranging in size from 2.36 

mm to 63 µm as stated in Goodwin, et al. (2008). Each sample was measured into the 

following size classes: silt/clay < 0.063 mm, very fine sand 0.063-0.125 mm, fine sand 

0.125-0.25 mm, medium-fine sand 0.25-0.50 mm, coarse sand 0.50-1.00 mm, very coarse 

sand 1.00-2.36 mm, and fine gravel > 2.36-5.0 mm. I determined the dominant size class 

per sample by weight (g), measuring each individual size class. Each sample was then 

homogenized and three replicate subsamples were taken to provide a composite sample 

of a minimum 10 g. To determine the organic content, each subsample was heated at 

600° C for 10 hours until a constant weight was achieved upon which time they were 

again weighed as seen in: Beamish & Lowartz, (1996).   

 I used an information theoretic approach to examine the influence of three fine 

scale parameters on larval Pacific lamprey density in Willamette River Basin tributaries. 

Based on a similar study, Schultz, et al. (2014) which found sediment depth to be an 

important indicator of relative larval abundance, I input a measurement of sediment depth 

into the candidate models. I sought to understand the effect of fine scale habitat variables 

at the reach scale, which could possibly explain the variation shown in the relationship 

between larval catch and sediment depth in Willamette River tributaries shown in 

Schultz, et al. (2014). Because found medium fine sand (0.25-0.50 mm) to be the 

dominant sediment size in 55% of the 1-m² that contained fish, I created a continuous 

parameter for sediment size by dividing the total weight of medium fine sand by the total 

sample weight. This made it possible to model sediment size as a continuous parameter, 

providing more accuracy to our statistical model (Burnham & Anderson, 2002). I 
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removed all brook lamprey species from our analysis, but included unidentifiable 

lamprey species, which were <60 mm. I understand that this may have allowed brook 

larvae in our analysis, but in the streams we sampled we have no reason to believe that 

Pacific and brook larval lamprey use different habitats in our study streams (Schultz, et 

al. 2014). Docker, (2009) states that for each anadromous lamprey species, there is at 

least one resident lamprey species that follows a similar non-anadromous life history.  

I used a generalized linear mixed model (Burnham & Anderson, 2002) to describe 

the influence of stream substrate on lamprey density within our nested design. I fit 

negative binomial mixed effects models using parameters for sediment size, organic 

material, sediment depth and a random effect for basin. Negative binomial mixed-models 

are appropriate for analyzing overdispersed ecological data sets (Irwin, et al. 2013). 

Negative binomial models were fit using two additional parameters, representing the 

mean and dispersion, to account for the degree of clumping within a population 

distribution (Peterson, 1999). Larval pacific lamprey are generally thought to be 

distributed non-normally throughout stream systems as stated in Schultz, et al. (2014). 

Model selection was performed using Aikake Information Criteria (AIC, Akaike, 

1974). I used a candidate set of global models that contained the following variables: 

percentage of medium fine sand, organic content, sediment depth and random effect for 

basin, to account of the lack of spatial autocorrelation between subbasins. Based on my 

previous knowledge of the importance of sediment depth, I sought to understand the 

effect of only the percentage of medium fine sand, organic material and a random basin 
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effect. I performed model selection using models with single predictors for percentage of 

medium fine-sand, organic material presence, and sediment depth. I included a null 

model that contained only the random effect for “basin” to assess the goodness of fit 

(Burnham & Anderson, 2002).  

RESULTS 

We captured 244 larval lamprey in the nested sampling, an area representing179 

m². Lamprey were found in 67 quadrats (37%), but within each stream reach (n=18). Of 

fish caught, 95 were Pacific lamprey (39%), 9 brook lamprey (4.0%) and 139 of 

unknown lamprey species (<60 mm, 57%). The mean total length for Pacific lamprey, 

78.6 mm (range: 60-123mm) and brook lampreys, 94.33 mm (range: 60-138 mm). Pacific 

lamprey were found in 17 of 18 (94%) stream reaches, while brook lamprey were found 

in 5 of 18 (28%) stream reaches. While the number of lamprey per quadrat ranged from 

0-23, the mean where larvae were present was 4. Lamprey were not uniformly distributed 

in streams, with only four reaches containing over 50% fish occupancy per 10 1-m² 

quadrats. The most abundant stream was Clear Creek (n=60), the least abundant was the 

Mohawk River (n=14).  

I extracted sediment samples from 113 of 179 quadrats (64%), the substrate 

distribution I found was: very fine sand 0.063-0.125 mm (0.5%), fine sand 0.125-0.25 

mm (2%), medium-fine sand 0.25-0.50 mm (25%), coarse sand 0.50-1.00 mm (4%), very 

coarse sand 1.00-2.36 mm (0.5%), and fine gravel > 2.36 mm (33%). I was unable to 

sample sediment from 66 of the 179 quadrats (36%) due to coarse substrates, 

predominantly bedrock. Mean sample weight was 146.54 grams (range: 24.32-365.79). 
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Of the 113 quadrats from which I was able to obtain sediment, I had to remove one from 

the analysis as it contained insufficient material (7g) not meeting my 10g criterion.  

Relationships between possible combinations of larval Pacific lamprey abundance 

and stream sediment habitat variables were examined using negative binomial mixed 

models. I used Akaike’s information criterion (AIC, Akaike, 1974) to select the top 

model. However, I did not find the greatest support in the global model (Table 3.1.), but 

rather in the predictors of the proposed model: 

yіj = e(β₀ + ai + β1med + β2org) 

I found that the variable percentage of medium fine sand had the most influence 

on larval density, both for larval Pacific and larval fish smaller than 60 mm (Figure 3.3).  

I found that stream sediment size and organic material were more influential to larval 

lamprey density than sediment depth in my study (Figure 3.9.). The global model which 

included the parameter sediment depth was less influential than our proposed model 

(Table 3.1.). 

DISCUSSION 

         I found that the nature of the stream sediment influenced the relative abundance of 

larval Pacific lamprey within 6 subbasins of the Willamette River basin, where Schultz, 

et al. (2014) found larval lamprey abundance and distribution dependent upon natural 

stream channels, the ability of adult lamprey to access streams, and the availability of 

fine, deep sediment for larval lamprey to utilize. I found that fine scale variables of 

sediment size and organic material were more closely associated with larval density than 
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sediment depth that could account for the variability found in reach scale measurements 

of my same six study streams. I found sediment size to be the most important predictor of 

larval lamprey presence, suggesting that within a systematic sample design, medium fine 

grain sand (0.25-0.50 mm) is the substrate most closely associated with larval lamprey 

density in the Willamette River Basin.         

          Aronsuu & Virkkala, (2013) state that you cannot compare larval lamprey 

abundance preferences between species and across geographic location. Various studies 

have shown that larval lamprey densities are dependent upon certain sediment size 

classes, and it is hard to ignore the relationship between larval lamprey density and fine 

sediment across multiple species (Figure 3.3.). Similar to my findings, fine grain 

sediment has been shown to be important for ammocoete habitats of other species of 

lamprey (Figure 3.3.) (Hardisty & Potter, 1971; Lee, 1989; Kelso, 1993; Beamish & 

Jebbink, 1994; Beamish & Lowartz, 1996; Sugiyama & Goto, 2002; Smith, et al. 2011). 

In addition to sediment size, my results indicate that within the Willamette River basin 

organic material is important for larval Pacific lamprey density. The importance of 

organic material has been shown for other species as well in Moore, et al. (2004) Organic 

material may be an important food source for larval lamprey (Smith, et al. 2011).  

 I recognized that there were limitations in my sampling, by focusing on areas 

along stream margins, and not being able to safely sample in deep water habitats. 

Lamprey have been found in deep water habitats within the Columbia River Basin 

(Jolley, et al. 2012), I can only speculate that lamprey selection for sediment nature 
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would not vary by depth. I was unable to estimate capture probability in my study, my 

estimates of abundance may have error associated with them, however this does not 

affect the robustness of my conclusions.  

The Willamette River currently supports a large population of non-native 

predatory fish (Williams, et al. 2014) and the lack of fine sediment due to anthropogenic 

alteration (WRI, 2004; Miller, 2010) could contribute to increased predation of larval 

lamprey. Fine substrate habitat selection by Least Brook lamprey Lampetra aepyptera 

lessened the risk of predation in Smith, et al. (2012).  In a laboratory habitat preference 

study of Least Brook lamprey, the selected habitat types that contained fine sand (0.125-

0.50mm) and organic substrate the most (Smith, et al. 2011).  

Knowledge of habitat characteristics of larval Pacific Lamprey and their status in 

the Willamette Basin is lacking. (Kostow, 2002).  Throughout the Willamette Basin, 

historic agricultural use and logging has channelized the once meandering river 

eliminating wetland habitat and scouring the streambed (WRI, 2004: Luzier, et al. 2011). 

Scouring has resulted in large sections of bedrock-dominated substrate within the 

Willamette River basin, having removed spawning gravels and ammocoete rearing 

habitat (Miller, 2010). The destruction of benthic habitat in streams is associated with 

population declines because larval lampreys use it to burrow (Hardisty & Potter, 1971). 

In Oregon, 70% of the human population lives within 20 miles of the Willamette River 

(WRI, 2004). River systems that have been modified by dams, channelization and other 

stream simplifying practices disturb the transfer and deposit of fine sediment (Goodwin, 
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et al. 2008; Smith, et al. 2012). In this study, I was unable to sample stream sediment in 

36% of the sample quadrats, which consisted of coarse substrates, typically unsuitable for 

larval lamprey. Of these non-porous areas, we only captured 1 fish. To promote 

conservation of Pacific lamprey, management actions that encourage natural river flow 

and sediment transfer could be of benefit. 
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Table 3.1. Candidate models that describe the influence of stream substrate on the 
density of larval Pacific lamprey within 6 wadeable tributaries of the Willamette River 
Basin, OR, U.S.A. in 2013. The global model contained a generalized linear combination 
of the following parameters organics, percent medium-fine sand, sediment depth, and a 
random effect for basin, while the null model contained a random effect for basin. The 
number of parameters is listed by (K), log-likelihood, AICс, ΔAIC, and wi values.  

Candidate 
Model 

K LogL AICc ΔAIC    wi 

Global  6 -222.6 457.8 2.1 0.26 

Proposed 5 -222.6 455.6 0 0.74 

Single-predictor models  

Percent 
medium fine 
sand 

4 -234.1 476.4 20.8 <0.001 

Organics 4 -234.2 476.6 21.0 <0.001 

Sediment 
depth 

4 -245.2 498.6 43.0 <0.001 

Null model 3 -256.4 518.9 63.3 <0.001 
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FIGURE LEGEND 
 
 
Figure 3.1. Sampling locations for larval lamprey in the Willamette River Basin, Oregon: 
U.S.A.  in 2013. Numbers indicate the order in which the basins were sampled. Each 
reach consisted of 10 nested 1m² quadrats (with the exception of the Upper Luckiamute 
reach, which had 9). Map created by David Graves. 
 
Figure 3.2. Systematic design for fine scale larval lamprey study. 1 M² quadrat 
placement layout within each sample reach. Each square represents a quadrat that was 
sampled for lamprey with backpack electroshocker, and for a core of sediment. 
 
Figure 3.3. Sediment grain size classes associated with highest larval lamprey densities 
per individual species of lamprey (both anadromous and non-anadromous species). The 
x-axis is the individual species by common name and (lead author and year). 

Figure 3.4. A. Boxplot of sediment grain size classes (x-axis) and larval Pacific lamprey 
caught (y-axis), and B. boxplot of sediment grain size classes (x-axis) and larval lamprey 
spp. smaller than 60 mm (y-axis) in six tributary streams of the Willamette River in 2013. 
Sediment grain sizes represent each class from study: silt (< 0.063 mm), very fine sand 
(0.063–0.125 mm), fine sand (0.125-0.25 mm), medium fine sand (0.25-0.50 mm), coarse 
sand (0.5-1.0 mm), very coarse sand (1.0-2.36 mm), and fine gravel (>2.36 mm), along 
with a level for “coarse” substrates in which a sediment sample was unable to be taken. 
Individual plots display outliers, maximum values are shown by upper vertical whisker 
plots, upper quartile (25%) is shown by the top line of each box, while median value is 
represented by thick black line. Lower quartile (25%) is shown by lowest line of the box, 
and minimum values are shown by lower vertical whisker plot.  

Figure 3.5. A. Boxplot of organic content (g) per sample ranges (x-axis) and larval 
Pacific lamprey caught (y-axis), and B. boxplot of organic content (g) per sample ranges 
(x-axis) and larval lamprey spp. smaller than 60 mm (y-axis) in six tributary streams of 
the Willamette River in 2013. Organic content bins are determined by natural frequency, 
per the total sample (n=113). Organic content bins for larval Pacific lamprey are (0-3.09), 
(3.09-4.08), (4.08-6.73), (6.73-9.78), (9.78-14.41), and (14.41-21.5).  Organic content 
bins for larval lamprey spp. smaller than 60 mm are (0-3.62), (3.62-5.16), (5.16-7.03), 
(7.03-9.78), (9.78-14.4), and (14.4-21.5). Individual plots display outliers, maximum 
values are shown by upper vertical whisker plots, upper quartile (25%) is shown by the 
top line of each box, while median value is represented by thick black line. Lower 
quartile (25%) is shown by lowest line of the box, and minimum values are shown by 
lower vertical whisker plot.  

Figure 3.6. A. Association between the percentage of medium-fine grain sand (0.25-0.50 
mm) per sediment sample (x-axis) and larval Pacific lamprey caught (y-axis), and B. 
association between the percentage of medium-fine grain sand (0.25-0.50 mm) per 
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sediment sample (x-axis) and larval lamprey spp. smaller than 60 mm caught (y-axis) in 
six tributary streams of the Willamette River in 2013. 

Figure 3.7. A. Association between the percentage of organic content (g) per sediment 
sample (x-axis) and larval Pacific lamprey caught (y-axis), and B. association between 
the percentage of organic content (g) per sediment sample (x-axis) and larval lamprey 
spp. smaller than 60 mm caught (y-axis) in six tributary streams of the Willamette River 
in 2013. 

Figure 3.8. A. Association between sediment depth (cm) (x-axis) and larval Pacific 
lamprey caught (y-axis), and B. association between sediment depth (cm) (x-axis) and 
larval lamprey spp. smaller than 60 mm caught (y-axis) in six tributary streams of the 
Willamette River in 2013. 

Figure 3.9. Parameter estimates and 95% confidence intervals from a negative binomial 
mixed model describing the influence of sediment characteristics on larval Pacific 
lamprey catch in six Willamette River Tributaries during 2013. Effect size shown on the 
natural logarithmic scale.  
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Figure 3.2. 



87 
 

 

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

Se
d
im

e
n
t 
G
ra
in
 S
iz
e
 (
m
m
)

Figure 3.3. 
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92 
 

 

 

B.  

A.  

Figure 3.8. 



93 
 

 

Figure 3.9. 



94 
 

CHAPTER 4: GENERAL CONCLUSIONS 

 

 The first goal of this study was to evaluate traditional ecological knowledge and 

cultural values associated with Pacific lamprey for the purpose of conservation planning. 

I interviewed 32 tribal elders and received questionnaires from 188 tribal citizens of the 

Grand Ronde, Siletz and Umatilla Tribes. I have documented the cultural value of Pacific 

lamprey, which were once a staple food source and a valued cultural item for the Grand 

Ronde, Siletz and Umatilla Tribes. I found that only 27% of my sample had ever 

harvested lamprey, while 43% of my sample said they would like to harvest lamprey. 

While 27% have harvested lamprey, just 15% have harvested lamprey at Willamette 

Falls. I can deduce that the remaining 12% had harvested in areas near their reservation 

land. Each tribe stated that most of the on-reservation lamprey harvesting ceded by the 

1970s. With the loss of harvest on reservation streams, these tribes are limited in their 

efforts to harvest lamprey.   

 The only survey question that did not relate to tribal region (Chi-square test, df 

=2, p-value = 0.131) (Table 2.3.) was: Would you like to harvest lamprey? Indicating that 

while the experience and knowledge of lamprey varied amongst the tribal groups, the 

desire to harvest lamprey remains ubiquitous amongst the three tribes. These results 

indicate that while the practice has stagnated, the desire is still there. Results from my 

questionnaire indicate that the most common issues relating to the traditional usage of 

lamprey are:  awareness, harvest accessibility, and capacity to fish. Cultural awareness of 

tribal culture and the First Foods directly relates to the transmission of traditional 
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ecological knowledge. The loss of traditional ecological knowledge through cultural loss 

or assimilation can directly affect the transfer of cultural values toward future 

generations. Harvest accessibility is having the knowledge and ability to harvest lamprey. 

The capacity to fish is having enough adult Pacific lamprey for harvest, and physical 

access to harvest locations. Using my qualitative data, I constructed the conceptual 

model: 

 Cultural value = TEK + cultural practice + harvest opportunity 

 There is a potential for further cultural loss with the continued decline of Pacific 

lamprey. Efforts that educate mainstream society should be implemented to reduce 

further degradation of this species. Conservation measures should be taken to address 

restoration of native habitats of Pacific lamprey. Recovery of Pacific lamprey is crucial to 

the tradition and culture of the Grand Ronde, Siletz and Umatilla Tribes. 

This study could have wide implications towards natural resource agencies and 

managers who author conservation plans, when you consideration that the tribes are 

sovereign, stakeholder groups with the legal authority to take action when treaty rights 

are not met. I have provided a framework of tribal cultural values as they relate to Pacific 

lamprey for the study tribes. Tribes should be consulted at every step of recovery efforts 

for all species, as they are stakeholders with valuable input into conservation planning.  

Natural resource managers have yet to consult with tribal groups in the Pacific Northwest 

when planning conservation measures for Eulachon, (WDFW, ODFW, 2001) Upper 

Willamette Chinook, (ODFW, NMFS, 2011) and Sturgeon (ODFW, 2011), despite legal 
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and social agreements to acknowledge these values (CRITFC, 2011; Luzier, et al. 2011). 

While the issue of Native American values is often mentioned in conservation planning 

processes, it is merely anecdotal for both Upper Willamette Chinook, (ODFW, NMFS, 

2011) Middle Columbia Steelhead (Carmichael, et al. 2010) and Lower Columbia River 

Sturgeon (ODFW, 2011). I have documented specific cultural values that display the 

harvest, food and medicinal resource that lamprey provide, these are specific cultural 

practices that could be implemented into conservation planning. Including Indigenous 

values into lamprey conservation planning could enrich the process, and possibly prevent 

future litigation procedures, and streamline species recovery as documented in Montag, et 

al. (2014).   

We are the circle. That’s what life is all about. We take care of one another. So when we 
have someone in trouble, that’s when the rest of us have to step in.” – Elmer Crow, Jr. 
(1944-2013) 

 

  The second goal of this study was to evaluate influence of stream sediment upon 

larval Pacific lamprey abundance in the Willamette River Basin. Stream sediment size 

was the strongest predictor of larval abundance in my study, with the organic material 

presence and a random basin effect also competing in my top candidate model. I found 

that at the fine scale, stream sediment grain size and organic material explained the 

variation in the relationship between larval lamprey abundance and sediment depth in 

Willamette River tributaries. Larval lamprey were distributed non-uniformly in my six 

study streams, fish were 17 of 18 reaches,  but only in 37% of the quadrats. This suggests 

that there is a need to understand larval lamprey abundance at multiple scales, as many 
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studies use larval abundance at the reach scale in an attempt to understand overall 

lamprey distribution.  

 I evaluated larval fish abundance by size, using the length limit of 60 mm, as we 

were unable to confidently identify fish smaller than 60 mm to species. I found no 

difference in sediment size distribution by larval size class, similarly to what was found 

in Yamazaki (2003). It is believed that smaller larvae use different habitats than larger 

larvae as shown in Aronsuu & Virkkala, (2013), but my data does not show such a 

relationship. Smaller larvae are believed to be harder to capture as stated in Claire, 

(2003), which could have influenced my results.   

 I filled a critical knowledge gap of fine scale larval lamprey habitat, there are still 

much to be learned at multiple life scales of Pacific lamprey. To adequately manage 

Pacific lamprey within the Columbia River Basin, we need further research focused on 

strict population estimates, in an effort to understand adult recruitment. We know very 

little about the ocean maturation phase of Pacific lamprey, further knowledge of this 

stage could assist in recovery planning efforts.  

 In conclusion, my work supports my contention that both traditional ecological 

knowledge and western scientific results are important for conservation planning.  

Qualitative oral history research has been conducted in other studies (Downey, et al. 

1996; Close, et al. 2004; Peterson, 2008) that have documented tribal values associated 

with lamprey. Similarly, quantitative research has been conducted on fine scale larval 

lamprey habitats (Aronsuu & Virkkala, 2013; Yamazaki, 2006). My thesis unites the two 
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knowledge bases to reach an overall restoration goal. For example, my findings that there 

were large numbers of Pacific lamprey at the Rose Lodge Falls harvest location, that 

could provide evidence for an expansion of the natural range that could not have been 

established by other methods. Restoration of the Rose Lodge Falls site could allow for 

proper lamprey passage and provide a harvest location for tribal members. If restoration 

is to be successful, then as our results from chapter 3 suggest that sediment of appropriate 

size and organic content need to be available for larval fish to successfully reach adult 

recruitment. 

I don’t believe in magic. I believe in the sun and the stars, the water, the tides, the floods, 
the owls, the hawks flying, the river running, the wind talking. They’re measurements. 
They tell us how healthy things are. How healthy we are. Because we and they are the 
same. That’s what I believe in. – Billy Frank Jr. (1931-2014)  
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