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Preface 
 
 
Late in 2004, the US Fish and Wildlife Service (USFWS) contacted me about convening 
a diverse group of scientists as part of their 5-Year Review of the endangered Lost River 
and shortnose suckers.  The purpose was to review the body of research conducted over 
the 11 years since listing and discuss the status of the species in an open and collaborative 
fashion.  It was hoped that this process would broaden the understanding of the current 
status of the species, reduce the risk of scientific bias in the Review process, and enhance 
the credibility of the findings.   
 
Thirteen scientists served as the Independent Scientific Review Panel (ISRP).  They were 
chosen because they represent a broad spectrum of knowledge as well as diverse 
perspectives on the issue.  Some were employed by agencies with jurisdiction over the 
listed fish, others were independent contractors, and some of those worked for interest 
groups who had a stake in the process.  Most of the panel members were or had been 
directly involved in some facet of research on the listed species.   
 
The ISRP met for six full days between February and May of 2005.  During this time the 
USFWS introduced them to the requirements of the Endangered Species Act (ESA) and 
the 5-Year Review process, as well as the historical status of the species and reasons 
behind the original listing.  The ISRP then received presentations from a number of 
scientists working in monitoring population trends, water quality, disease, predation, 
taxonomy and genetics of the Lost River and shortnose suckers.  Numerous agencies and 
organizations summarized their progress in habitat restoration.  Each presentation was 
followed by facilitated discussion.   
 
At the end of the process, each scientist gave a written opinion evaluating the current 
level of risk to the species. These opinions are presented in their entirety in Section 9.  It 
is the intention of the USFWS to incorporate these opinions into their findings as part of 
their 5-Year Review process, and ultimately into the listing status of the species.   
 
I want to thank the members of the panel for the time they dedicated to this process, in 
meetings as well as developing written recommendations to USFWS.  Presenters, many 
of whom were already dedicating time to participating as a member of the panel, invested 
many hours to provide current research data to ensure that the panel had access to the 
most complete, up-to-date information available.  Finally I want to commend the 
Klamath Falls Field Office of the US Fish and Wildlife Service, particularly Curt Mullis 
and Ron Larson.  As we deal with conflicting science over a number of critical resource 
issues in the Klamath Basin, their willingness to open the Review process to participation 
by a broad range of scientists and conflicting opinions is a huge step in the right 
direction.  I’m proud to have been part of the process. 
 
 
 
Terry Morton 
Cascade Quality Solutions 
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SECTION 1 
Introduction 

 
 

 Section Summary 
 

 Introduction to the 5-Year Review for the Lost River and 
Shortnose Suckers; Ron Larson, USFWS 

 
 Historic and Prelisting Status and Distribution of the Lost 

River and Shortnose Suckers; Mark Buettner, USFWS 
 

 Facilitated Discussion: Historical Status and the ESA Listing 
of the Lost River and Shortnose Suckers 

 
 

Summary 
 

Included in this introductory section is an overview of the 5-Year Review 
process outlined in the Endangered Species Act (ESA), the historical 
distribution of the ESA-listed shortnose and Lost River suckers and a 
report of the Independent Scientific Review Panel (ISRP) discussion on 
these subjects. 
 
The 5-Year Review is an assessment of the status of a listed species. It is a 
requirement of the ESA that a review of a listed species is conducted at 
least every five years to determine whether it should be delisted or 
reclassified. It will focus on the best scientific and commercial data 
available since the listing or the most recent status review. This Review 
will consider all pertinent information regarding the ESA-listed Lost River 
suckers and shortnose suckers which were federally listed as endangered 
by the US Fish and Wildlife Service (USFWS) July 18, 1988.  
 
The USFWS may determine whether any species is an endangered species 
or a threatened species based on any of the following five factors: 
1. The present or threatened destruction, modification, or curtailment of 

its habitat or range; 
2. Over-utilization for commercial, recreational, scientific, or educational 

purposes; 
3. Disease or predation; 
4. The inadequacy of existing regulatory mechanisms; 
5. Other natural or manmade factors affecting its continued existence. 
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The intended role of the ISRP is to assist the USFWS with the 
development of pertinent information for the administrative record upon 
which the status decision will be based. 
 
A review of the historical distribution and status of the Lost River and 
shortnose suckers helps to put into perspective the factors that led to the 
initial endangered listing of these species. Understanding these past 
conditions helps the ISRP to evaluate if there have been significant 
changes in the listing factors that may effect a change in the species’ ESA 
listing. The historical report in this section is only a summary of the 
presentation provided to the panel.  
 
During the facilitated panel discussion most of the panel scientists 
believed the endangered listing for both sucker species was valid. There 
were some panel members who questioned whether the “endangered” 
listing for the Lost River sucker was justified; perhaps a “threatened” 
listing would have been more appropriate. Questions remain regarding the 
sucker population numbers used to determine the initial listing. 

 
 
 
 
 

Introduction to the 5-Year Review for the Lost River and 
Shortnose Suckers 

 
Ron Larson, US Fish and Wildlife Service, Klamath Falls, Oregon 

 
 
The first Independent Scientific Review Panel (ISRP) workshop was held in Klamath 
Falls, on February 25, 2005.  Thirteen scientists were present (see Appendix A) and Terry 
Morton acted as facilitator.  Ron Larson, representative for the US Fish and Wildlife 
Service (USFWS) in Klamath Falls, Oregon presented information about the need for a 5-
Year Review of the listed Lost River and shortnose suckers, the ESA listing/delisting 
process, the purpose of the Independent Scientific Review Panel, and extinction risk 
assessment tools. 
 
The 5-Year Review 
 
The Review is an assessment of the status of a listed species. The ESA requires that “At 
least once every five years, the Secretary shall conduct a review of each listed species to 
determine whether it should be delisted or reclassified.” 
 
Larson explained that the Review will consider all pertinent information regarding the 
listed species. It will focus on the best scientific and commercial data available since the 
original listing. Those data may include: 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 



SECTION 1  INTRODUCTION 3 

 

AUGUST 2005  INDEPENDENT SCIENCE REVIEW PANEL 

• Studies of population trends, distribution, abundance, demographics, and genetics; 
• Habitat conditions including amount, distribution, and suitability; 
• Conservation measures that have benefited the species; 
• New information, data, or corrections including, but not limited to, taxonomic or 

nomenclatural changes, identification of erroneous information contained in the 
listing, and improved analytical methods. 

Then, a decision is made based on the collected evidence known as the “administrative 
record.” 
 
The ESA Listing/Delisting Process 
 
If a Review finds that a change in a species’ listing status is warranted, the USFWS can 
publish a proposal to reclassify or delist the species in the Federal Register. Comments on 
the proposal are requested from the scientific community. Then, the USFWS reviews the 
comments and publishes a final rule in the Federal Register indicating what decision was 
made regarding the listed species and an explanation. 
 
Larson then reviewed some terms as defined in the ESA:  

• A “Species” is any species or subspecies of fish and wildlife, or plant, and any 
population segment of a vertebrate species that interbreeds when mature; 

• An “Endangered Species” is in danger of extinction throughout all or a significant 
portion of its range; 

• A “Threatened Species” is likely to become endangered in the foreseeable future 
throughout all or a significant portions of it range; 

• “Foreseeable” is not defined in the Act, but in his opinion, a species unlikely to 
become endangered within 100 years would likely be inappropriate for listing. 

 
Different sections from the ESA were then listed to set the foundation for criteria 
regarding decisions on listing status. Five listing factors from Section 4(a) (1) of the ESA 
were presented:  
 

The Secretary shall by regulation promulgated in accordance with 
subsection (b) [i.e., use of best scientific information] determine whether 
any species is an endangered species or a threatened species because of 
any of the following five factors: 

1. The present or threatened destruction, modification, or curtailment 
of its habitat or range; 

2. Over-utilization for commercial, recreational, scientific, or 
educational purposes; 

3. Disease or predation; 
4. The inadequacy of existing regulatory mechanisms; 
5. Other natural or manmade factors affecting its continued existence. 

 
Larson also showed a listing/delisting summary on which the USFWS is to base their 
decisions:  

• Criteria for listing: 
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 Must be a “species” as defined by the Act; 
 Taxon must be in danger of extinction, either now or in the foreseeable 

future over all or a large part of its range; 
• Decision is made solely on the best science; 
• Economic and other social impacts should not affect the decision; 
• Extinction threat can come from any one of five factors: loss of habitat/reduction 

of range, over-utilization, disease/predation, inadequate protection, or other 
factors; 

• Difference between endangered and threatened is timing of extinction: for a 
listing as endangered, the threat of extinction is present, and for a listing as 
threatened, the threat of extinction is in the future. 

 
Purpose of the Independent Scientific Review Panel 
 
The intended role of the ISRP, as described by Ron Larson, is to assist the USFWS in 
determining whether the Lost River and shortnose suckers are still endangered or need 
to be reclassified or delisted by: 

• Compiling pertinent information for the administrative record regarding the 
extent or magnitude of the threats affecting extinction and its timing; 

• Assessing the extinction risk to each of the two suckers. 
 
Assessing Extinction Risk 
 
There are various ways to assess extinction risk. One way is to use quantitative models 
which are useful when complete demographic data are available and model 
assumptions can be met. But such models were not designed for long-lived fish like 
suckers, which have high fecundity and numerous overlapping life stages. The 
extinction risk for such fish should be based on an assessment of the threats using 
extinction theory. Non-model-based assessment tools have been developed. The 
advantages of these tools are that they are more broadly applicable. The disadvantage is 
that they are non-probabilistic, i.e., there is no probability estimate of the likelihood of 
extinction at any given time. 
 
Larson stated that for the panel’s purposes it is not as critical which tool is used, but 
rather how complete and well thought out the analysis is. The USFWS will need to 
include the five listing factors in its decision, but the ISRP can use any tool, or a 
combination of tools, for its assessment.  
 
The International Union for the Conservation of Nature (IUCN) Red List guidelines 
could be useful for assessment because they are flexible in terms of information needs. 
They also require its users to clearly identify data sources and assumptions so that it is 
transparent. These guidelines are demographic-based analyses that rely on extinction 
theory. Therefore, small fragmented populations, and ones showing high variability in 
size, are more at risk than large, stable, and non-fragmented populations. 
 
The categories and definitions for the IUCN Red List are: 
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• Extinct: taxon no longer present in the wild or in captivity 
• Extinct in the Wild: taxon only survives in captivity 
• Critically Endangered: risk of extinction extremely high 
• Endangered: risk of extinction very high 
• Vulnerable: risk of extinction high 
• Near Threatened: not presently threatened but is likely to be so in the near 

future 
• Least Concern: does not meet above categories and is widespread and abundant 
• Data Deficient: information is inadequate for making a direct or indirect 

assessment of extinction risk 
• Not Evaluated:  assessment not completed 

 
The Red List categories do not exactly correspond to those in the ESA, but both are 
based on an assessment of extinction risk. The categories “Critically Endangered” 
through “Vulnerable” might be most equivalent to “endangered” under the ESA. “Near 
Threatened” might be most equivalent to “threatened” under the ESA. 
 
NatureServe is another assessment tool that could be helpful for the panel. NatureServe 
has developed an extinction risk assessment process which is demographic-based, like 
the IUCN, but is more comprehensive. 
 
Larson expressed that uncertainty is inherent to any status review. An assessment of 
extinction risk involves drawing conclusions and making future predictions based on an 
incomplete understanding of the factors involved. The USFWS has a congressional 
mandate to take a precautionary approach toward species listing when data are 
incomplete and there is uncertainty. But the ISRP does not have such an obligation, and 
how uncertainty is treated is an individual decision. 
 
 

 
 

Historic and Prelisting Status and Distribution of the Lost 
River and Shortnose Suckers 

 
Mark Buettner, US Fish and Wildlife Service, Klamath Falls, Oregon 

 
 
Historic Distribution  
 
Mark Buettner presented information on the historic distribution and status of the Lost 
River and shortnose suckers. He stated that the Lost River and shortnose suckers are pre-
dominantly lake suckers. The Keno reef was the lowest extent in the Klamath River 
where the lake suckers occurred historically. These suckers occurred in the shallow lakes 
and marshes in the Upper Klamath Basin above Keno, Lower Klamath Lake, Tule Lake 
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and Clear Lake. There was also a population of shortnose suckers in Lake of the Woods, 
although it is not known if it was a natural or an introduced population. 
 
Historic spawning areas include: 

• The Upper Klamath Lake sucker populations spawned in the Williamson River, 
Sprague River, Wood River, Crooked Creek, Sevenmile Creek, Fourmile Creek, 
Crystal Creek, Sycan River and some springs in Upper Klamath Lake; 

• The Tule Lake populations spawned in the Lost River and Miller Creek; 
• The Clear Lake sucker populations spawned in Willow Creek and Boles Creek; 
• The Lower Klamath Lake populations likely spawned in the Link River, Sheepy 

Creek and tributaries of Upper Klamath Lake. 
 
Historic Status 
 
Buettner presented documented accounts by early scientists studying fish in the basin 
who have noted the abundance of Lost River and shortnose suckers in Upper Klamath 
Lake and Tule Lake. This is evidenced by the large numbers of suckers harvested 
annually by the Klamath and Modoc Indians, the establishment of a commercial cannery 
on the Lost River, the shallow depths and high biological productivity of the lakes and 
the presence of large populations of fish-eating birds. 
 
Two historical accounts included in the presentation were from E. D. Cope and C. B. 
Howe. Cope noted in 1879, “Lost River suckers ascend the streams in thousands in the 
spring, and are taken and dried in great numbers by the Klamath and Modoc Indians.”  
 
Howe wrote in his 1968 book, Ancient Tribes of the Klamath Country:  

Suckers were formerly abundant in Upper Klamath Lake and the Lost 
River and were a staple food item in the diets of local Indians and early 
settlers. Sucker runs were so numerous that a cannery was established on 
the Lost River and several other commercial operations processed 
enormous amounts of suckers into oil, dried fish, and other products. 

 
Human-Caused Effects on Sucker Habitat and Wetlands 
 
Development of the Klamath Irrigation Project in the early 1900s included the 
construction of diversion dams, canals and drains, and caused major changes in sucker 
habitat.  So did Project agricultural practices, forestry practices in the Upper Klamath 
Basin, ranching and non-Project agriculture.    
 
Historically, Tule Lake covered 110,000 acres, Lower Klamath Lake 90,000 acres, and 
Upper Klamath Lake 80,000 acres. By the 1930s, Lower Klamath Lake was drained and 
is now part of National Wildlife Refuge. Klamath Project development converted most of 
Tule Lake to agricultural land. Now, there are 13,000 acres of permanent open water 
habitat with remnant populations of Lost River and shortnose suckers (mostly adults). 
 
Buettner also stated that some other impacts of the Klamath Project and agriculture on the 
Basin’s sucker populations included isolation of populations, blocking access to 
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spawning areas and rearing habitat, entrainment, water quality degradation and 
hybridization. 
 
Prelisting Status  
 
Mark Buettner reported that information on the status of the sucker population in Upper 
Klamath Lake was first collected in the 1960s with monitoring of the recreational snag 
fishery and ecological studies by Oregon State University, specifically by Professor Carl 
Bond. 
 
The sucker sport fishery became very popular in late 1950s. Regulation of the fishery 
began in 1959 when the suckers were designated as a game species. The peak harvest was 
in 1966 when 12,500 fish were caught. Creel census data from 1966-1986 indicated a 
decline in the catch rate and size of the fish caught. In 1987 the sucker snag fishery was 
closed.  
 
He also stated that recruitment of new year age classes increased after the closure, based 
on age-class distribution from fish collected during the 1997 fish die-off, which suggests 
the sucker sport fishery had a major effect on sucker survival.  
 
Oregon Department of Fish and Wildlife (ODFW) and The Klamath Tribes attempted 
sucker spawning run estimates in 1984 and 1985 in the Williamson and Sprague Rivers. 
This study documented substantial declines in Lost River and shortnose sucker spawners 
from 1984 to 1985. The length frequency data from the spawning run, which was 
dominated by large adult fish, suggested that the adult population was old-aged with little 
recruitment of younger fish occurring. 
 
In 1986, there was a die-off of adult suckers (mostly Lost River suckers) in Upper 
Klamath Lake. The age distribution of these fish indicated that most of the fish that died 
were between 19 to 28 years with very few fish younger than 16 years. 
 
There has been a substantial loss of spawning groups in Upper Klamath Lake and its 
tributaries, including Barkley Springs, Harriman Springs, four unnamed springs on the 
eastside of Upper Klamath Lake, Odessa Springs, Bare Island Springs, Crooked Creek, 
Fort Creek, Sevenmile Creek, Crystal Creek and Fourmile Creek. 
 
Sucker populations no longer exist in Lake of the Woods, Lower Klamath Lake, Sheepy 
Lake or Sheepy Creek. 
 
Buettner concluded that the prelisting status of other populations of suckers elsewhere in 
the upper Klamath Basin is poorly understood. “There are sucker populations 
documented in Clear Lake and its tributaries, the Lost River and the Klamath River 
reservoirs: Copco, Iron Gate and J.C. Boyle. However, studies were not rigorous enough 
to determine status. Habitat conditions and analysis of threats was the primary 
information used to determine status where population data were not available in the 
listing process.” 
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Facilitated Discussion:  Historical Status and the ESA Listing of the 
Lost River and Shortnose Suckers 

 
Workshop facilitator, Terry Morton, asked the panel for their opinions or comments 
regarding the information presented by Mark Buettner about the “Historic and Prelisting 
Status and Distribution of Lost River and Shortnose Suckers,” and also solicited their 
viewpoints about the original ESA “endangered” listing for these fishes.   
 
Mark Buettner (USFWS) summarized his presentation, and the panel reviewed the threats 
to the sucker species in the ESA listing:  habitat loss through management or 
modification, over-fishing (which has been eliminated), entrainment, die-offs (which 
have increased in frequency), and introduced species (e.g., fathead minnow and yellow 
perch). 
 
Dave Vogel (Natural Resource Scientists, Inc.) stated that the railroad seems to have set 
the stage for significant effects on the sucker population through modifications to sucker 
habitat in the Basin. He also remarked that the springs in Pelican Bay near Rocky Point 
have a large amount of aquatic growth, are historical spawning sites, and could hold the 
potential for sucker recovery. Mark Buettner responded that sediment and nutrient 
loading on the spawning gravels at Harriman Springs have contributed to the decline in 
spawning at this site.  
 
Doug Markle (OSU) stated he believed the original listing of the suckers was justified. 
Looking at the data on fish bag limits in ODFW files, and the 1986 die-off, had things 
continued they way they were, these fish would have become extinct. Removing the snag 
fishery helped slow the process. 
 
Rip Shively (USGS) remarked that the big risk to the population has been removed by 
stopping the snag fishery. He too believes the original listing was valid and that the 
listing was made in time to actually help correct the situation. Several other panel 
members also voiced their opinion that the original listing was valid and that the snag 
fishery/over-fishing had a significant impact on the sucker populations. 
 
Ron Larson (USFWS) noted that it was not just the snag fishery, but a combination of 
factors that lead to the original listing. He also remarked that, while there has been a lot 
of criticism of the early population data sets from creel surveys, he feels they were very 
good indicators that the population decline trends were valid and dramatic. 
 
Dave Vogel stated that he did not believe the original “endangered” listing for Lost River 
suckers was valid, although he was not sure about the listing for the shortnose sucker. He 
referenced the recommendation of the sucker working group that suggested the Lost 
River sucker population of 20,000 did not warrant listing. 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 



SECTION 1  INTRODUCTION 9 

 

AUGUST 2005  INDEPENDENT SCIENCE REVIEW PANEL 

 
Rich Piaskowski (USBR) expressed that there were many factors and valid reasons that 
warranted listing the species. He did have questions about specific sucker populations.  
 
Mark Buettner remarked that with the current rate of sedimentation in Tule Lake, the 
adult sucker population there could be lost within 20-30 years. There is no recruitment of 
juveniles because there is very little spawning habitat.  
 
Mike Rode (CDFG) stated that the ESA listing in 1988 was warranted then and continues 
to be warranted today. He felt that the Lost River system has not received enough 
attention and continues to deteriorate.  While the sucker population in Clear Lake is 
stable now, he voiced concerns about the planned drawdown this summer for irrigation 
and the impact on that population of fish. 
 
John Crandall (The Nature Conservancy) suggested that the validity of the original listing 
was not important. Based on historical accounts and the information available today, 
much has been learned about these fish. He believes the threats in the original listing are 
still significant today. 
 
Larry Dunsmoor (The Klamath Tribes) attested that there was no question the original 
listing was warranted. The lake has undergone significant eutrophication, fish-kills, 
dominance of old fish, and absence of young fish. These highly fecund, long-lived fish 
species have shown a precipitous decline. There was plenty of information to justify the 
listing at the time.  
 
Mike Cooperman (OSU) thought it was unfortunate that the original listing was based on 
taxonomic species instead of Distinct Population Segment (DPS), but he felt the original 
listings were valid.  
 
Chuck Hanson (Hanson Environmental, Inc.) noted that he was impressed by the 
information on the sucker populations and the stressors on the populations; that there is 
no single stressor serving as a “smoking gun,” but rather there are multiple stressors. He 
recommended that we set up a matrix as a way of organizing historical and current 
information regarding threats to the population: (1) itemizing the original listing factors 
and threats, and (2) evaluating those threats today.  In this way the ISRP could determine 
whether there have been significant changes in those threats since listing. 
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 Section Summary 
 

 Klamath Basin Sucker Taxonomy and Genetics; Doug 
Markle, Oregon State University 

 
 Klamath Basin Sucker Genetics; Thomas Dowling, Arizona 

State University 
 

 Facilitated Discussion:  Klamath Basin Sucker Taxonomy 
and Genetics 

 
 

Summary 
 

A review of recent scientific information was presented by Dr. Doug 
Markle, Oregon State University and Dr. Thomas Dowling, Arizona State 
University. This information is based on research of the four sucker 
species in the Upper Klamath Basin started in the 1990s by scientists from 
Oregon State University, Arizona State University, and the University of 
California, Davis, in cooperation with the US Bureau of  Reclamation 
(USBR), USFWS, US Geological Survey (USGS) and The Klamath 
Tribes. This research focused on comparing the identification of species 
based on genetic markers to that based on morphological differences, as 
well as phylogenetic relationships and hybridization between the sucker 
species. Reports of these presentations and a report of the panel discussion 
on this information are contained in this section. 
 
There are four species of suckers identified in the Upper Klamath Basin: 

• Shortnose sucker (Chasmistes brevirostris)  
• Lost River sucker (Deltistes luxatus)  
• Klamath largescale sucker (Catostomus snyderi)  
• Klamath smallscale sucker (Catostomus rimiculus)  

 
Of these four sucker species, the shortnose suckers and the Lost River 
suckers are currently listed as endangered under the ESA. 
 
In some sucker species of the Upper Klamath Basin, this study found 
significant variability in morphology within a named species.  
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Additionally, there were few differences in the morphology between two 
separate species, the shortnose sucker and the Klamath largescale sucker. 
The similarity between these two species is greater in the Lost River 
subbasin; morphological and ecological differences are retained in the two 
species in the Upper Klamath Lake subbasin. 
 
Genetics data support the morphological data for Lost River sucker, 
Klamath smallscale sucker, and a combined group (shortnose sucker and 
Klamath largescale sucker). Researchers have not yet found a genetic 
character with which to distinguish shortnose suckers from Klamath 
largescale suckers. This identification problem is greater in the Lost River 
subbasin than in the Upper Klamath subbasin. In Upper Klamath Lake, 
shortnose and Klamath largescale suckers are distinct species based on 
ecology and morphology. These two species inhabit different areas, with 
the shortnose suckers being primarily a lake form and Klamath largescale 
suckers largely a riverine form, and they also show morphological 
differences, especially in lip morphology. 
 
Hybridization does occur in the Klamath Basin suckers, but researchers 
found the levels of divergence were lower than expected which is 
consistent with the major, long-term impact of hybridization. All four taxa 
of Klamath suckers are distinct species, but they have been exchanging 
genes for a long time, and hybridization is likely not specifically due to 
human influence. 
 
For either conservation or management of the sucker species, it is 
important to maintain the genetic variation responsible for all the 
phenotypes (morphological variability), because this allows the species to 
adapt to different and changing environments. 
  
There are many unanswered questions about the genetics and 
hybridization in these sucker species. Some potential areas for further 
research include: 

• There are sucker identification difficulties in the Lost River 
system. More research is needed on the sucker populations in 
Gerber Reservoir and Clear Lake. Is there hybridization within 
these populations? 

• Is there an as yet undiscovered DNA marker to genetically 
distinguish shortnose suckers from Klamath largescale suckers? 

• How do we define a species, and what are the implications? There 
should be a more holistic approach based on “evolutionary 
significant units” (ESUs). 

• The level of hybridization in Lost River suckers and shortnose 
suckers varies among year classes. What is the cause of this 
variation, the role of the environment, and the potential impact of 
human-caused conditions? 
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• Could hybridization rates be used to monitor the species? 
 

 
 

Klamath Basin Sucker Taxonomy and Genetics 
 

Doug F. Markle, Oregon State University, Department of Fish and Wildlife 
 

Study team members who helped develop the information for this presentation: 
Doug F. Markle, Thomas E. Dowling, Marty Cavaluzzi, Dave Simon, Greg J. Tranch, 

D. Evan Carson, D. Wolfe Wagman, Bernie P. May, Jes Kethatad and 
field crews of The Klamath Tribes/USGS/USBR 

 
 
Doug Markle presented information on field identification and laboratory confirmation of 
the different species of suckers based on recent studies of the four sucker species in the 
Upper Klamath Basin. 
 
Field Identification 
 
There are four species of suckers identified in the Upper Klamath Basin: 

• Shortnose sucker (Chasmistes brevirostris)  
• Lost River sucker (Deltistes luxatus)  
• Klamath largescale sucker (Catostomus snyderi)  
• Klamath smallscale sucker (Catostomus rimiculus)  

 
Field identification of the sucker species uses a combination of lip morphology 
differences and other distinguishing characteristics of the overall appearance of the fish.  
 
Morphology Findings 
 
According to Markle, in some sucker species of the Upper Klamath Basin there have 
been found “significant differences in morphology within a named species”: 

• The Klamath smallscale sucker (C. rimiculus) population in the Klamath Basin 
exhibits morphological differences from the Rogue River C. rimiculus population.  

• The Klamath largescale sucker (C. snyderi) exhibits morphological differences 
between those found in the Upper Williamson River and those found in other 
areas of the Klamath Basin.  

• The Lost River sucker (D. luxatus) of Upper Klamath Lake differs 
morphologically from the Lost River sucker of the Lost River subbasin. 

 
Additionally, this study has discovered there are “few significant differences in the 
morphology between two named species,” the shortnose sucker (Ch. brevirostris) and 
Klamath largescale sucker (C. snyderi). The similarity between these two species is 
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greater in the Lost River subbasin; morphological and ecological differences are retained 
in the two species in Upper Klamath Lake. 
 
Genetics 
 
When studying the genetics of these four sucker species, research was focused on the 
mitochondrial DNA and nuclear DNA. 
 
Mitochondrial DNA Findings 
The study found the mitochondrial DNA (mtDNA) showed no differences between 
shortnose suckers and Klamath largescale suckers. Also, the mtDNA of the Klamath 
smallscale sucker (C. rimiculus) showed it was more closely related to the other Klamath 
Basin suckers than to the C. rimiculus in the Rogue River. According to Markle, “this 
indicates that once C. rimiculus entered the Klamath it acquired the Klamath Basin 
mitochondria, and then evolved slight differences.” 
 
Markle noted that there are differences in the “amount of lateral transfer of mtDNA 
between different species pairs.” He explained that this is the frequency of cases where 
an individual of species A has the mtDNA of species B–a situation that can only arise 
through hybridization. In those cases, the individual can have the morphology and 
nuclear DNA of one species (A), but the mtDNA of another species (B), the “wrong 
species.” Because mtDNA is transferred from the mother, lateral transfer indicates that a 
female in the individual’s lineage (grandmother, great grandmother, etc.) was a member 
of species B and her first generation, hybrid female progeny crossed back to species A so 
that her species B mitochondria could be found in an individual that otherwise is a 
perfectly normal species A. Markle stated that from their research the following 
percentages include these types of individuals as well as first generation hybrids: 

• 1% of Klamath largescale suckers sampled have Klamath smallscale sucker 
mtDNA; 

• 4% of Klamath smallscale suckers sampled have Klamath largescale sucker 
mtDNA; 

• 4.6% of Klamath largescale suckers sampled have Lost River sucker mtDNA; 
• 11.7% of Shortnose suckers sampled have Lost River sucker mtDNA; 
• 2% of Lost River suckers sampled have shortnose sucker or Klamath largescale 

sucker mtDNA; 
• Because their mtDNA do not differ, it is not possible to evaluate the lateral 

transfer of mtDNA between shortnose suckers and Klamath largescale suckers. 
(This conclusion is based on an analysis of a small fraction of the genome.) 

 
There is also one diagnostic mtDNA marker for the Upper Williamson Klamath 
largescale suckers, F3 haplotype, and perhaps another mtDNA haplotype marker for an 
unknown Sprague River drainage spawning group. 
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Nuclear DNA Findings 
The team identified two nuclear DNA markers for Klamath smallscale sucker (C. 
rimiculus): 

• The Cri2 allele has been transferred from Klamath smallscale sucker to some 
shortnose suckers and Klamath largescale suckers, and the Cri1 allele has been 
transferred from the shortnose sucker and Klamath largescale to some Klamath 
smallscale suckers. There are no homozygotes, which suggests that the “wrong 
allele” is not spreading through reproduction of F1s. The transfers appear to be 
caused by hybridization but these species are seldom sympatric, so it is not clear 
how the “wrong allele” is maintained in the gene pool of each species. 

• The L4 B allele has been transferred from the Klamath smallscale sucker to some 
shortnose suckers and Klamath largescale suckers, and the L4 A allele has been 
transferred from the shortnose sucker and Klamath largescale sucker to some 
Klamath smallscale suckers. Homozygotes of the “wrong allele” in either species 
suggest it is maintained by normal Mendelian genetics after hybridization through 
reproduction of F1s. 

 
There is also one diagnostic nuclear DNA marker for the Upper Williamson River 
Klamath largescale suckers, Csn1, and this usually is found in the same individual with 
the FE haplotype. 
  
Addressing the shortnose sucker and the Klamath largescale sucker “problem,” Markle 
showed results from their research: 

• 6% of Klamath largescale suckers have Lost River sucker or Klamath smallscale 
sucker mtDNA; 

• 11% of shortnose suckers have Lost River sucker mtDNA; 
• Overall, the shortnose sucker (Chasmistes brevirostris) and the Klamath 

largescale sucker (Catostomus snyderi) “have introgressed and are not 
distinguishable using the DNA markers used to date”; 

• The identification problem is greater in the Lost River subbasin than in the Upper 
Klamath subbasin. 

There are two hypotheses posed by Markle that could explain this problem: 
1. “Chasmistes is the unidirectional morphology of the Catostomus genome 

subjected to speciation in a lake, like sockeye and kokanee salmon”; 
2. “Chasmistes and Catostomus readily hybridize obscuring phylogeny, but 

maintain identity when habitats permit through an unknown mechanism (DNA 
repair?), similar to cottonwoods and poplars over past 10 million years. This 
hypothesis builds on the C. rimiculus data and suggests that there is a Klamath 
Basin genome shared by all species in the Basin, regardless of their origin.” 

 
 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 



SECTION 2  TAXONOMY AND GENETICS 15 

 

AUGUST 2005  INDEPENDENT SCIENCE REVIEW PANEL 

 
 

Summary of the Taxonomic Status of the Four Upper Klamath Sucker 
Species by D. Markle 
 

• Klamath smallscale sucker (C. rimiculus):  
o This species is easily identified by biologists in the field; 
o Two distinct taxa are present in the Klamath River and Rogue River; 
o About 4-8% of Klamath smallscale suckers exhibit lateral transfer of 

Klamath largescale sucker/shortnose sucker genes, indicating that 
introgression has occurred. 

• Lost River sucker (D. luxatus):  
o This species is easily identified, with greater than 98% correctly identified 

by biologists in the field; 
o Two geographically recognized forms (races/subspecies?) are present in 

the Lost River and the Upper Klamath Lake subbasins; 
o About 2% of Lost River suckers exhibit lateral transfer of Klamath 

largescale sucker/shortnose sucker genes, and less than 4% with Klamath 
smallscale sucker genes. 

• Klamath largescale sucker (C. snyderi): 
o This species is easily identified, with 94% correctly identified in Upper 

Klamath Lake by biologists in the field; 
o Lab identification is more likely to be inaccurate for fish from the Lost 

River subbasin (76% correctly identified) than Upper Klamath Lake 
(100% correctly identified); 

o About 1% of Klamath largescale suckers exhibit lateral transfer of 
Klamath smallscale sucker genes, and 5% with Lost River sucker genes. 

• Shortnose sucker (Ch. brevirostris):  
o This species is difficult to identify, with only 80% being correctly 

identified by biologists in the field; 
o Lab identification is more likely to be inaccurate for fish from the Lost 

River subbasin (66% correctly identified) than Upper Klamath Lake 
subbasin (95% correctly identified); 

o About 12% of shortnose suckers were found with lateral transfer of Lost 
River sucker genes; 

o Morphological and ecological differentiation is retained in the Upper 
Klamath Lake subbasin shortnose sucker, thus providing support that this 
is a valid species; 

o Fossil evidence suggests that the maintenance of Chasmistes is dependent 
on the presence of lake habitat, since extinction appears to have followed 
desiccation of ancient lakes such as Lake Idaho. 
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Klamath Basin Sucker Genetics 
 

Thomas Dowling, Arizona State University 
 

Study Team members: Douglas F. Markle, Thomas E. Dowling, Marty Cavaluzzi, 
Dave Simon, Greg J. Tranah, Evan W. Carson, Anne T. Kelsen, D. Wolfe Wagman, 

Bernie P. May and field crews of USGS/USBR/The Klamath Tribes 
 
 

In this presentation Thomas Dowling used the same information as Doug Markle’s 
presentation on this subject, but addressed and expounded on the question, “Is 
introgressive hybridization a risk for endangered Klamath suckers?” He stated that an 
answer to this question requires an understanding of the role of hybridization in evolution 
and how this may influence the evolution of these fishes.  
 
Views of Hybridization 
 
Dowling remarked that there are different views of hybridization in the scientific 
community. Some scientists believe that hybridization has no role in evolution, as it 
forces the completion of reproductive isolation. Others believe hybridization could be a 
bridge for the transfer of genetic material, or could create new species, leading either to 
evolutionary dead-ends or genetic variation that allows for rapid adaptation in changing 
environments. 
 
The significance of hybridization for conservation is two-fold. It could be a detrimental 
force “swamping” the existing taxa, particularly when due to human influence, as in the 
salmonids. It could also have positive influences for conservation, as it could provide a 
source of genetic variation to overcome the effects of inbreeding (as with the Florida 
panther).  It could also allow for rapid adaptation to changing environments, and it could 
allow for the creation of new taxa. 
 
Hybridization and Suckers 
 
Dowling stated that hybridization is common among the different species of suckers. The 
group as a whole is allotetraploid with two pairs of chromosomes in each egg and sperm, 
so each sucker has four pairs of chromosomes (a common occurrence in fish). In the 
Klamath Basin there are four distinct sucker species: 

• Shortnose sucker (Chasmistes brevirostris) 
• Lost River sucker (Deltistes luxatus) 
• Klamath largescale sucker (Catostomus snyderi) 
• Klamath smallscale sucker (Catostomus rimiculus) 
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After a review of the genetic study and the taxonomic status of these four species (see 
“Klamath Basin Sucker Taxonomy”, D. Markle) Dowling stated that hybridization does 
occur in these fishes, but the levels of divergence were lower than expected, which is 
consistent with the major, long-term impact of hybridization. He noted that all four taxa 
of suckers are distinct species, but they have been exchanging genes for a long time and 
not specifically due to human influence. He explained further that the levels of 
divergence among haplotypes are higher than expected given current hybridization, but 
lower than predicted from the phylogeny and fossils. All four taxa do hybridize today to 
varying degrees. 
 
Dowling reviewed the three major “groups” of suckers: 

• Catostomus: (e.g., Klamath largescale and Klamath smallscale suckers) 
• Pantosteus: mountain suckers 
• Chasmistes: “lake” suckers which are long-lived and all are endangered (e.g., 

Lost River and shortnose suckers) 
 
He stated that because lakes are ephemeral and old lakes are rare, lake-adapted fish will 
persist only if they can accommodate non-lake environments. Upper Klamath Lake is one 
of the few ancient lakes (greater than 1 million years old) in North America. He also 
noted that lake fishes traditionally have caused difficulty for taxonomists. But he believes 
hybridization has been important to suckers, with some exceptions, as most sympatric 
pairs of suckers appear to exchange DNA. 
 
Hybridization and the Klamath Basin Suckers 
 
Among the Klamath Basin suckers, Dowling noted, some pairs (Klamath largescale and 
shortnose suckers) appear more likely to share DNA than other suckers of the Basin. 
Also, some species (Lost River suckers) appear to be less likely to incorporate “external” 
DNA, while other species (shortnose suckers) appear more likely to incorporate any 
DNA. 
 
Dowling provided a review of two alternative hypotheses that may be important in 
considering hybridization in the Klamath Basin suckers:  

• Chasmistes and Catostomus hybridize readily, obscuring phylogeny, but through 
an unknown mechanism they maintain identity when habitats permit. Each region 
(particularly in western North America) is a complex of forms evolutionarily 
distinct at some levels, but with shared genes at other levels. 

• “Chasmistes” could represent the phenotypic expression of the Catostomus 
genome subjected to diversification in a lake or river. 

 
Implications for Conservation and Management 
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Dowling stated that for either conservation or management of the sucker species, it is 
important to maintain the genetic variation responsible for all the phenotypes, because 
this allows the species to adapt to different environments. In this context taxonomy is less 
important, since we need to think of maintaining the phenotypes and genotypes of the 
complex and preserving the evolutionary process. 
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Dowling then posed the question, “Do we have to worry about hybridization?” He 
answered that it depends on the context of the hybridization. If the hybridization arises 
from “natural” circumstances, then no. If, however, human factors alter the balance of 
hybridization it is significant and needs to be addressed, because in this instance humans 
would have changed the selection process. 
 
Is There Temporal Variation in Levels of Hybridization? 
 
Dowling shared the results from DNA research of Lost River and shortnose suckers from 
three year classes (1995: pre-fish die-off; 1998 and 1999: post-fish die-off) in Upper 
Klamath Lake, using a sample size of 30 fish from each species each year. Conclusions 
from this research to determine temporal variation in levels of hybridization for these two 
species are: 

• There are no significant differences in allele frequencies among year classes; 
• The fish die-offs did not reduce the levels of variation; 
• There is a strong association between mtDNA and morphology; the specimens 

studied were readily assignable to species by using several morphological traits, 
but there was some limited hybridization between Lost River and shortnose 
suckers; 

• The level of hybridization varies among years. 
 
Dowling concluded that it is important for us to understand the cause for the year-to-year 
variation, the role of the environment, and the potential impacts of human factors. 
Hybridization could be completely natural and not a risk to the suckers. What factors 
could be responsible for variation in patterns of hybridization among the year classes? Is 
it a differential survival of progeny, a different time of spawning, or possibly even due to 
temperature? How do human factors influence such variation? These things need to be 
explored to manage the system. We should not “drive the system” to favor one species 
over another. 
   
Additional Questions and Discussion 
 
A question was asked of Dowling regarding the status of the fish in the Lost River 
system. He stated that in the Lost River subbasin the Lost River suckers still maintain 
integrity, but there has been increased hybridization. The reasons for the differences in 
the fish of this system from Upper Klamath Lake could be due to a lack of genetic 
exchange with Upper Klamath Lake or it could be part of the selection process. 
 
Some panel members questioned whether it would be possible to use hybridization rates 
to monitor the species. Dowling thought it could be possible and was likely a good idea, 
but there is no funding for such a project at this time.  
 
A panel member wondered if we could introduce Lost River suckers from Clear Lake 
into Gerber Reservoir. Dowling responded that we do not know why Lost River suckers 
do not hybridize as much as other suckers. But if Lost River suckers were put with the 
shortnose suckers in Gerber, one might wonder about the outcome. Another panel 
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member remarked that in the Lost River system the tributaries are shorter and the time 
span for spawning is shorter, suggesting that hybridization could become an issue. 
 
 

 
 

Facilitated Discussion: Klamath Basin Sucker Taxonomy and Genetics 
 
At the start of the next workshop, facilitator Terry Morton asked the panel for their 
opinions or comments regarding the information presented by Doug Markle on Klamath 
Basin sucker taxonomy and genetics, specifically as it relates to their assessment of the 
risk of extinction.  
 
Dr. Markle (OSU) summarized his presentation and reiterated that morphological data 
shows there are four distinct sucker species in the Upper Klamath Basin:  Deltistes 
luxatus (Lost River sucker), Chasmistes brevirostris (shortnose sucker), Catostomus 
snyderi (Klamath largescale sucker), Catostomus rimiculus (Klamath smallscale sucker). 
Genetic data support the morphological data for Lost River sucker, Klamath smallscale 
sucker, and a combined group (shortnose sucker and Klamath largescale sucker). He said 
“There is no genetic character to distinguish shortnose suckers from Klamath largescale 
suckers.” However, his opinion was that in Upper Klamath Lake, shortnose and Klamath 
largescale suckers are distinct species based on ecology and morphology. These two 
species inhabit different areas, with Ch. brevirostris being primarily a lake form and C. 
snyderi largely a riverine form, with morphological differences, especially in lip 
morphology.  He continued, “In the Lost River system the lake [species] Ch. brevirostris 
and the riverine [species] C. snyderi are difficult to distinguish.” He noted that there are 
similar situations in the west where co-occurring lake and riverine sucker species have 
similar, though not necessarily identical,  mitochondrial DNA.   
 
Rip Shively (USGS) and several other panel members agreed that there are sucker 
identification difficulties in the Lost River system. Shively suggested that more data is 
needed on the Gerber Reservoir and Clear Lake suckers. Other panel members concurred 
that more studies are needed for the Gerber Reservoir and Clear Lake sucker populations. 
 
Several panel members questioned whether it was possible that riverine suckers in Gerber 
Reservoir might be so plastic that they can change in a short span of time, i.e., since the 
dam was built. No one on the panel had an answer to this question, but Doug Markle 
remarked that if you give Chasmistes a lake they separate [from Catostomus].  His 
opinion is that ecological conditions, especially the presence of lake habitat, are 
necessary for Chasmistes to co-occur with Catostomus. When you lose a lake, the species 
coalesce and lose distinction. In Upper Klamath Lake the apparent morphological and 
ecological distinction may be reinforced by the presence of distinct habitats in spite of 
hybridization.  
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Regarding Gerber Reservoir suckers, Mark Buettner (USFWS) commented that there is 
one spawning run of fish out of Gerber. The period of adequate flow for spawning is very 
short, as the creeks tend to dry up by early summer. The suckers seem to have a lot of 
elasticity in morphological characteristics. Lost River system fish are morphologically 
like Gerber Reservoir fish. Rip Shively added that a parasite in Gerber deforms the lips of 
the suckers, which makes identification based on lip differences difficult. 
 
Another question was posed to the panel members by the facilitator, “Are the listed 
species taxonomically valid or distinct?” 
 
Ron Larson (USFWS) stated, “There are no specific criteria in the ESA. Species should 
be determined by the scientific community. The USFWS would look for distinction 
between the species. Then he asked, “Is the shortnose sucker species today the same one 
that was listed [in 1988]?” There was no clear answer to this question. 
 
Doug Markle clarified that there is no Chasmistes genome. There is a Klamath Basin 
[sucker] genome. 
 
Several members commented that we should not be constrained by what a species is. 
There should be a more holistic approach based on Evolutionary Significant Units 
(ESUs).  
 
Dave Vogel (Natural Resource Scientists, Inc.) asked whether the information on sucker 
species and hybridization is “good news or bad news”, and whether opportunities exist to 
reintroduce species to areas for recovery.   
 
Larry Dunsmoor (The Klamath Tribes) remarked that we are not dealing with clean-cut 
species and hybridization. It is hard to consider the interweaving of genomes a negative 
factor; in fact in this case it appears to be adaptive. He suggested that this is really a 
management decision. Do we manage the complex shortnose sucker lake form vs. the 
river form?  
 
Other panel members remarked on the possibility that hybridization is actually an 
adaptation to environmental conditions. Perhaps hybridization in the case of the suckers 
should not be considered a risk to the species. 
 
Chuck Hanson (Hanson Environmental, Inc.) observed that under the ESA we are to use 
the best scientific information available. Ironically, the more we learn, the less confident 
we are in our understanding of these species.  
 
Facilitator, Terry Morton, then asked the panel, “How significant is hybridization to the 
status of the species?” 
 
There were several responses to this question. Ron Larson replied that hybridization is 
very important for this review. In the initial listing, hybridization was listed as a threat to 
the species. The USFWS has said it is not going to take any particular viewpoint, but will 
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rely on what the scientists say. He then asked the other panel members, “How many 
populations are there?”  
 
Barb Adams (USGS) responded that she agreed with Doug Markle’s presentation that 
there are four distinct sucker species in the Upper Klamath Basin. Mike Cooperman 
(OSU) questioned whether the presence of species should be the criterion, or rather the 
genetic capacity of the species, and wondered if there could be a present risk to the 
potential to express the Chasmistes (lake sucker) gene.  
 
Barb Adams felt that we should use more than morphological differences to distinguish 
the species. Behavioral differences and spawning run times could be used to identify the 
different sucker species. Noble Hendrix (R2 Resource Consultants) commented that these 
suckers are a complex of species with the capacity to shift. 
 
Ron Larson reminded the panel that the ESA is pinned on species—it needs a taxon 
(though there are some exceptions for hybrids). There is a willingness to accept a less 
rigid definition of what a species is, such as an evolutionarily significant unit (ESU), to 
preserve the genome.  
 
Mike Cooperman remarked that if divergence persists long enough you may have 
speciation. Doug Markle stated that there could be a threat to sucker hybridization if an 
exotic species is introduced, or there is a change in habitat or selection pressures. For 
example, although hybridization appears to have been a long-term feature of Upper 
Klamath Lake suckers, the rate could have increased when all species were mostly 
confined to the area below Chiloquin Dam, rather than freely distributing themselves 
throughout the Sprague River. 
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SECTION 3 
Population Dynamics 

 
 

 Section Summary 
 

 Monitoring Trends in Early Life History Stages; Doug 
Markle, Oregon State University 

 
 Overview of Adult Sucker Monitoring and Trends in the 

Upper Klamath Basin; Rip Shively, USGS 
 

 Facilitated Discussion: Sucker Population Trends in Upper 
Klamath Lake 

 
 

Summary 
 

This section contains information on sucker population trends from two 
separate studies conducted in Upper Klamath Lake. In one, Dr. Doug 
Markle, Oregon State University, addressed trends in the early life history 
stages of suckers in Upper Klamath and Agency Lakes from 1995 to 2003. 
The other study, by the US Geological Survey Western Fisheries Research 
Center, researched population trends of adult Lost River and shortnose 
suckers in Upper Klamath Lake from 1995 to 2004. These presentations 
are followed with a report of the facilitated discussions of the ISRP on 
these two research studies. 
 
The early life history study by Dr. Markle found the average annual 
mortality of larval suckers is increased by a number of factors, including 
high June winds, high June pH of the lake water and high numbers of 
fathead minnows. Markle also noted that the average annual mortality of 
larval suckers 10 to 15 mm in length is not related to June lake elevation 
(over the range of 4142 ft to 4143.2 ft) or production (the numbers of 10 
mm larvae at the beginning).  
 
There has been good larval production in four of the nine study years. Of 
those four good larval production years, there has been good larval 
survival associated with two of those years. So, there have been two good 
years of sucker larval survival out of the nine study years. 
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The study of trends for juvenile suckers determined that summer 
conditions are as important to sucker survival as production. The best 
August for juvenile survival had low daytime air temperature, higher lake 
elevations, high nighttime dissolved oxygen concentrations and higher 
nighttime pH. Even when larval production is relatively low, high 
survivorship during the juvenile period can partially compensate for larval 
mortality. During the study period, the combination of good larval 
production, good early survivorship and good summer survivorship 
appears to have happened only once, in 1999, for both the Lost River and 
shortnose suckers. 
 
The adult sucker monitoring and population trends study by the USGS 
found the median sizes of both Lost River and shortnose suckers captured 
has been increasing by 12-15 mm per year, which suggests there has not 
been a substantial influx of new recruits to the adult population during this 
study time period. 
 
Trends in abundance and reproductive indices for Lost River and 
shortnose suckers declined sharply from 1995 to 1998 as a result of 
summer fish die-offs in Upper Klamath Lake. For shortnose suckers, 
recent index values are still lower than 1995 indices. Lost River sucker 
index values are lower than 1995, though there was a substantial increase 
in 2001. 
 
The mark-recapture data indicates annual survival of marked adult suckers 
is variable for both species. Lost River sucker estimates from a weighted 
average model indicate survival ranges from greater than 90% in years 
without fish die-offs, to as low as 60% during fish die-off years. 
Recruitment estimates for Lost River suckers from 2001 to 2004 indicate 
more fish were recruited into the adult population in 2001 and 2002 than 
in 2003 or 2004. From 2002 to 2004 the overall rate of population change 
(lambda) in Lost River suckers has decreased by an estimated 25% from 
2003 to 2004. Caution is warranted in interpreting these estimates of 
“finite rate of change,” because only four years of data are available. 
Survival estimates for shortnose suckers indicate more variation between 
years, and have broader confidence intervals than Lost River sucker 
estimates. 
 
The point to make about the adult sucker monitoring program, with 
respect to population demographics, is that researchers are making 
inferences from the marked population to the population as a whole. With 
many tagged fish in the system, they can make a reasonable inference to 
the whole population for certain parameters. Population size, however, is 
not one of those parameters. Trying to estimate the sucker population size 
for a system like Upper Klamath Lake is extremely difficult, because of 
the size and complexity of the lake. The estimation of vital rate parameters 
(survival, recruitment, and rate of population change) from the marked 
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population data provides a better index of the population’s condition 
because it quantifies the factors driving changes in the population. 
 
There were several questions and issues raised during the discussion of 
these two studies, as well as areas recommended for more study. The 
discussion topics included: 

• Regarding the early life stages study: Are two years of good 
juvenile sucker survival sufficient for recruitment? More long-term 
monitoring research is needed. 

• Could the fish die-offs be density dependent? 
• There is a need for credible Lost River and shortnose sucker 

population estimates.  
• There needs to be more long-term monitoring in order to get better 

estimates of these species’ population trends. 
 
 

 
 

Monitoring Trends in Early Life History Stages 
 

Doug Markle, Oregon State University, Department of Fish and Wildlife 
 
 
Methods for Monitoring Sucker Populations 
 
This presentation by Doug Markle showed some trends in the early life history stages of 
suckers in Upper Klamath and Agency Lakes from 1995 to 2003. The fish sampling was 
completed using the following strategy:       

• Four different sampling gears targeted three different size groups of suckers. Each 
gear sampled a known area so that density estimates could be made. 

o Larval trawls were used to catch 10- to 20-mm long sucker larvae from 
fixed sites (same sites sampled repeatedly around Upper Klamath and 
Agency Lakes; 

o Beach seines were used to catch 25-40 mm long juvenile suckers from 
fixed sites in the lakes; 

o Cast nets/otter trawls were used to catch 50-75 mm long juvenile suckers 
using a stratified random sampling design in Upper Klamath Lake. 

• Sampling was done at three-week intervals to allow cohort growth between 
sampling and to avoid double-counting. Because each gear effectively samples a 
certain size range, they wanted enough growth between sample intervals to 
distinguish cohorts based on size, and avoid counting the same cohort on two 
separate occasions.  
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Trends in Larval Sucker Survivorship 
 
Markle summarized that the average annual mortality of larval suckers 10 to 15 mm in 
length is positively related to three factors:    

• High June winds appear to create near-shore turbulence that disrupts the larvae’s 
ability to feed, a hypothesis consistent with observations on marine fish larvae 
known as the “stable ocean hypothesis”; 

• High June pH of the lake water seems to reflect early season blooms of 
Aphanizomenon flos-aquae, and these blooms either interfere with visually 
oriented feeding of larvae or are correlated with, and integrate, other 
environmental and climatic variables that have unknown negative consequences 
for larvae; 

• High numbers of fathead minnows appear to out-compete larval suckers for 
habitat or other resources, aggressively interfere with them, or prey on larval 
suckers.  

 
He did note that the average annual mortality of larval suckers 10 to 15 mm in length is 
not related to either the starting numbers of 10-mm larvae or the June lake elevation over 
the range of 4142 ft to 4143.2 ft. 
 
Additional mortality occurs from larvae leaving the lake via Link River dam or its hydro-
diversions: 

• The larval suckers leave in proportion to their density in the southern end of the 
lake; 

• The larvae enter a habitat (Keno Impoundment) that is dominated by fathead 
minnows where their survival is low; 

• Lost River suckers (Deltistes luxatus) make up the larger proportion of seined 
sucker larvae in the Keno Impoundment, suggesting that they may be more 
vulnerable than shortnose suckers to this source of mortality. 

 
Markle further summarized that larval sucker survival and production patterns show: 

• There has been “good” larval production over the entire range of adult spawner 
stock size since 1995; 

• There has been good larval production in four of nine years; 
• There has been good survival of 10-15 mm larvae associated with two of the four 

good production years; 
• The largest number of suckers entering the juvenile stage (20 mm) was in 1996; in 

1999, the index was only 13% below the 1996 index, while in all other years the 
index was at least 79% below 1996. 

 
Trends in Juvenile Suckers 
 
Markle summarized the trends they identified based on the juvenile suckers they 
sampled: 

• The emergence of an external parasitic copepod, Lernaea, in 1995 in the Lost 
River sucker population and in 1996 in the shortnose sucker (Chasmistes 
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brevirostris) populations with the infestation levels remaining high in both sucker 
species during the study period; 

• Juvenile counts at the end of three years were within 40% of the best year (1995);  
two of those years started with poor larval production, so we can surmise that, 
even when larval production is relatively low, high survivorship during the 
juvenile period can partially compensate; 

• Summer conditions are as important to sucker survival as production; the best 
August for juvenile survival had low daytime air temperature, higher lake 
elevation, high nighttime dissolved oxygen and higher nighttime pH; 

• The best summers for juvenile sucker survival were 1995 and 2002; 
• The worst summer for juvenile sucker survival was 1996, which like 1995 had a 

documented adult fish die-off. 
 
Conclusion for Juvenile Sucker Survivorship 
Since 1995, the combination of good larval production, good early survivorship and good 
summer survivorship appears to have happened only once, in 1999, for both the Lost 
River and shortnose suckers. The conditions noted for that year include: 

• Lowest adult spawner stock size; 
• Early survivorship associated with low winds, low pH and few fathead minnows; 
• Summer survivorship associated with cool August temperatures, high lake 

elevation, high dissolved oxygen and high pH. 
 
 

 
 

Overview of Adult Sucker Monitoring and Trends in the Upper 
Klamath Basin 

 
Rip Shively, US Geological Survey, Klamath Falls, Oregon, with  

input from Eric Janney, USGS, Klamath Falls, Oregon 
 

Study team members for this research:   
USGS Western Fisheries Research Center staff, Klamath Falls Field Station 

 
Monitoring Study 
 
Rip Shively stated that yearly sampling of adult Lost River and shortnose sucker 
populations in Upper Klamath Lake was conducted from 1995-2004. The sampling site 
locations included the lower Williamson River, Sprague River Dam fish ladder and 
Upper Klamath Lake with four general lake-wide sampling sites and five eastern Upper 
Klamath Lake shoreline spawning sites. 
 
The methods used for sampling the sucker populations included: trammel nets for the 
lower Williamson River, lake-wide areas, and shoreline spawning sites; dip nets and 
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shortened trammel nets at the fish ladder. Since 1995, every fish captured has been 
tagged with a passive integrated transponder (PIT) before being released. 
 
Study Objectives: 

• Determine the timing and duration of spawning runs;  
• Monitor changes in species, sex, and size composition over time; 
• Monitor relative spawning run strength and fidelity to spawning areas; 
• Conduct capture-recapture surveys for estimating key population demographic 

parameters. 
 
Preliminary Findings 
 
Fish Size and Age Distribution 
Fork length frequency distributions for Lost River and shortnose suckers showed similar 
trends from 1999-2004. The median size of fish captured of both species has been 
increasing by 12-15 mm per year, which suggests there has not been a substantial influx 
of new recruits to the adult population during this time period. 
 
The estimated age frequency distributions for Lost River and shortnose suckers are 
similar based on the age data from the 1995 to 1997 fish die-offs and sampling that was 
done in 2001 and 2002. 
 
Spawning Fidelity 
Shively noted there is evidence based on mark-recapture data that the Lost River sucker 
spawning populations in the Williamson-Sprague River system do not mix with the 
spawning populations of the Upper Klamath Lake shore. The monitoring study showed 
Lost River sucker spawning fidelity to the Williamson-Sprague River system. A total of 
2,762 recapture events have yielded only 11 occasions (0.4%) when suckers caught and 
tagged in the Williamson-Sprague River system were recaptured at an Upper Klamath 
Lake shoreline site during the spawning season. 
 
The Lost River sucker exhibited a similar fidelity to the Upper Klamath Lake shoreline 
spawning areas. A total of 2,770 recapture events at the sites yielded only three occasions 
(0.1%) when suckers tagged at a shoreline spawning area were recaptured in the 
Williamson-Sprague River system. 
  
Spawning Fish Size 
There have been notable trends in size differences between spawning stocks. Graphs 
comparing fork length of female and male Lost River suckers spawning in Upper 
Klamath Lake with spawning female and male Lost River suckers in the Williamson-
Sprague Rivers show Upper Klamath Lake Lost River suckers tended to be longer than 
the Williamson-Sprague River Lost River sucker spawning stock. Shively remarked that 
it is unclear whether the difference in size is due to differential growth, the prevalence of 
different cohorts between the two groups, or some other factor. 
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Abundance and Reproductive Indices 
Trends in abundance and reproductive indices for Lost River and shortnose suckers 
declined sharply from 1995 to 1998 as a result of summer fish die-offs in Upper Klamath 
Lake. For shortnose suckers, recent index values are still lower than 1995 indices; and 
Lost River sucker index values are lower than 1995, though there was a substantial 
increase in 2001. 
 
Capture-Recapture Surveys 
 
The software program MARK provides population parameter estimates from marked 
animals when they are recaptured at a later time via numerical maximum likelihood 
techniques. These estimates are then developed as part of a predictive model that can 
incorporate different groups (e.g., male vs. female), time effects, and covariate effects 
such as fish size, water quality parameters, etc. Shively remarked that with the mark-
recapture data “we are estimating the various parameters of interest for the marked 
population with the intent of making inferences to the population as a whole. Survival 
can only be measured for marked individuals.  If sample sizes and sampling are adequate 
(which in this case we believe they are) then reasonable inference can be made to the 
population as a whole.” (Note that, while this allows reasonable predictions of various 
population parameters, it does not provide reasonable estimates of the total number of the 
population.) 
 
Preliminary analysis shows that the best tagging data is from 1999 to 2004 and that data 
from 1995 to 1998 is limited. Also, researchers were able to sample Lost River suckers 
more effectively than shortnose suckers. 
 
Survival and Recruitment Estimates for Lost River Suckers 
 
The mark-recapture data indicates annual survival of marked adult suckers is variable for 
both species. Lost River sucker estimates from a weighted average model indicate 
survival ranges from greater than 90% in non fish die-off years to as low as 60% during 
fish die-off years. Shively remarked that the water quality environment of Upper Klamath 
Lake is highly variable, both in different locations of the lake and also between years. In 
years when mass mortality events have occurred, water quality was poorer than other 
years. Calculating mean life expectancy under the higher survival estimates (i.e., > 90%) 
tends to fall in line with what biologists consider the maximum life span to be for the two 
species. 
 
Recruitment estimates for Lost River suckers from 2001 to 2004 indicate more fish were 
recruited into the adult population in 2001 and 2002 than in 2003 or 2004. There is a 
possibility that 2001 estimates could be high, due to an increase in the geographic scope 
of sampling that year. 
 
Survival Estimates for Shortnose Suckers 
 
Survival estimates for shortnose suckers indicate more variation between years and have 
broader confidence intervals than Lost River sucker estimates. Though variable, the 
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shortnose sucker survival estimates were consistently lower for males than females. 
Shively noted that from the perspective of population biology, a higher mortality rate for 
males than females is not as significant as higher mortality for females than males.  A 
possible explanation for this trend could be the stress of spawning, coupled with the fact 
that shortnose suckers tend to spawn later, and would be returning to the lake when the 
algal bloom is either close to or already starting. Poor water quality could further 
compromise the ability of fish in poor physical condition to spawn. 
 
Estimating Finite Rate of Population Change: λ (lambda) = Nt+1 / Nt  
 
Shively remarked that fisheries biology has dedicated much time and effort trying to 
estimate population abundance in order to determine whether or not a population is 
growing. Unfortunately, it is exceedingly difficult to estimate population abundance for 
open populations with any degree of accuracy. He suggested that, by using mark-
recapture data, it is possible to derive an accurate estimate of population growth without 
the need to estimate abundance: 
 

Population dynamics = Change in abundance over time and space 
  Δ N = ‘Additions’ – ‘Subtractions’ 
 
When the number of additions (recruitment of new individuals) to a segment of the adult 
population is greater than the number of subtractions (mortality) of adults, it is reasonable 
to infer that the general population is growing.  Conversely, greater mortality than 
recruitment indicates the general population is declining.  Shively suggests that it is this 
rate of growth or decline that is a far more reliable indication of the status of the species 
than estimates of total population numbers, which have too great a margin of error to be 
considered reliable. 
 
Estimate of Finite Rate of Population Change for Lost River Suckers 
The estimate of finite rate of population change (lambda) for Lost River suckers from 
2001 to 2004 indicates a slight increase in the number of females and a slight decrease in 
the number of males. But from 2002 to 2004 the overall rate of population change in Lost 
River suckers was decreasing, with an estimated 25% decrease from 2003 to 2004. 
(Caution is warranted in interpreting these finite rates of change estimates because only 
four years of data are available and the estimates for 2001 could be high due to an 
increase in the geographic scope of sampling in that year.)  
 
Shively remarked that from a recovery standpoint, the more years lambda stays above 1, 
the better off the population will be. He pointed out that the four years of data (2001-
2004) indicate a net increase for Lost River suckers; however, if the 2002-2004 trends 
continue in 2005, there will be a net population decrease.  This illustrates one of the 
inherent limitations of having only four or five years of data, as well as how critical it is 
to define recovery as a long-term process.  If trends are increasing steadily over a long 
period of time, then there is progress in recovering the populations.  If lambda remains 
less than 1.0 over a period of time, then populations are still declining.  And if conditions 
remain variable (i.e., lots of ups and downs), there is less certainty about when recovery 
is achieved.  
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Estimation of Vital Rate Parameters vs. Estimation of Population Size 
 
Shively noted that the appropriate point to make about the adult sucker monitoring 
program, with respect to population demographics, is that researchers are making 
inferences from the marked population to the population as a whole. With many tagged 
fish in the system, we can make a reasonable inference to the entire population for certain 
parameters. Population size, however, is not one of those parameters. Estimating the 
sucker population size for a system like Upper Klamath Lake is extremely difficult to do 
with any degree of accuracy, because of its size and complexity. He believes estimating 
vital rate parameters (survival, recruitment, and rate of population change) from the 
marked population data provides better indices of the population’s condition.  
    
Shively also remarked that, due to the size and complexity of the sucker spawning groups 
in Upper Klamath Lake, any attempts to estimate population size would have to be 
conducted during non-spawning periods, most likely in the fall, because summertime 
conditions would be too stressful for sampling fish with trammel nets. He believes that 
the level of effort required to adequately sample Upper Klamath Lake would be massive, 
and exceeds what is currently available with personnel and boats, even with a multi-
agency effort. Furthermore, even if population size could be reliably estimated, it is likely 
that the variance associated with these estimates would make it difficult to interpret 
annual trends.   
 
He also suggested that the estimation of vital rate parameters is more informative as to 
why we are seeing certain changes to the population.  For example, if population size is 
increasing, what are the significant factors?  Is it due to good survival coupled with 
marginal recruitment, or great recruitment with moderate survival? Also, from a 
modeling standpoint, estimating vital rate parameters through mark-recapture allows for 
more robust testing of assumptions, and possible correction for violation of certain 
assumptions such as heterogeneity of capture.  Lastly, many times when biologists try to 
estimate population size over a multi-year period, they are really interested in knowing if 
the population is increasing, decreasing, or remaining unchanged.  In other words, they 
are really interested in lambda. Shively concluded that it would be nice to know a 
“starting” population size to put lambda into better perspective, but if monitoring and 
recovery are viewed over a multi-year period then the trends in lambda and other vital 
rates become far more important parameters of interest than population size. 
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Facilitated Discussion: Sucker Population Trends in Upper Klamath 
Lake 

 
Facilitator Terry Morton asked the panel members for their opinions or comments 
regarding the information presented by Doug Markle regarding trends in early life stages, 
and by Rip Shively on adult trends. 
 
Doug Markle summarized his earlier presentation on larval and juvenile sucker 
population trends. He concluded that they observed good summer conditions for good 
production of juvenile suckers in Upper Klamath Lake in two of the nine years. Is that 
sufficient for recruitment? At this point, scientists do not know. Rip Shively (USGS) 
suggested that population dynamics modeling might answer that question for us. 
 
Larry Dunsmoor (The Klamath Tribes) stated that there is utility in continuing to monitor 
the demographics presented, and suggested also tracking recruitment and survival rates. 
Other panel members also noted a research need to get more long-term monitoring data 
with recruitment estimates. 
 
Rich Piaskowski (USBR) noted the importance of factoring in competition with non-
native fish species and predation for larval and juvenile sucker survival. He also 
commented on the need for more research to understand when and how juvenile sucker 
mortality is occurring during their first winter. 
 
Rip Shively summarized his previous presentation on adult sucker population trends. He 
concluded that the Lost River suckers are tending to show an increase in population size 
approaching the 1995 estimates, but that shortnose sucker population numbers are 
declining. The frequent fish die-offs are the biggest threats to the vitality of the sucker 
populations in Upper Klamath Lake, and there has been poor recruitment since 1996. He 
questioned whether the die-offs might be density-dependent. If so, the frequency of die-
offs could increase if the population increases. Some panel members maintained that 
there is still a need for credible population estimates, as well as a need to define a specific 
population recovery goal.  
 
Shively commented that they have good data and a good monitoring plan, but cannot 
make a status call on the sucker populations because there are not enough years of data to 
indicate a reliable long-term trend. What we do know is that there has been recruitment in 
the populations since the 1988 listing. Another panel member noted that all monitoring of 
the sucker populations has been in Upper Klamath Lake, with no trend monitoring in 
Lost River or Gerber Reservoir, which may be significant segments of the population. 
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SECTION 4 
Water Quality 

 
 
 Section Summary 

 
 Background Information on Upper Klamath Lake Water 

Quality; Jacob Kann, Aquatic Ecosystem Sciences  
 

 Comparison of the Dissolved Oxygen in the Northern Third of 
Upper Klamath Lake, 2002-2004; Tamara Wood, USGS 

 
 Distribution and Behavior of Adult Lost River and Shortnose 

Suckers with Respect to Water Quality in Northern Upper 
Klamath Lake; Rip Shively and Barbara Adams, USGS 

 
 An Approach and Analysis Using US Bureau of Reclamation 

and The Klamath Tribes Water Quality Data in Assessing 
Suckers’ Low Dissolved Oxygen Risk in Upper Klamath Lake; 
Noble Hendrix, Michael Loftus and Thomas Helser, R2 
Resource Consultants 

 
 Review of Lost River and Shortnose Sucker Water Quality 

Tolerances and Summary of Known Fish Die-Offs; Scott 
VanderKooi, USGS 

 
 Review of Water Quality Conditions during the 1990s Die-

Offs; Jacob Kann, Aquatic Ecosystem Sciences 
 

 Stress Levels Associated with Water Quality Conditions in the 
Habitat Regime of Lost River and Shortnose Suckers in Upper 
Klamath Lake; Michael Loftus, R2 Resource Consultants 

 
 Facilitated Discussion:  Evaluation of the Water Quality 

Information 
 

 
Summary 

 
Poor water quality in Upper Klamath Lake was one of the factors 
contributing to the ESA listing of the Lost River and shortnose suckers in 
1988. Contained in this section are several reports regarding water quality 
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and sucker distribution in Upper Klamath Lake, as well as modeling 
analysis studies using data from water quality field research.  
 
Upper Klamath Lake is a highly dynamic and variable lake. With a surface 
area of approximately 70,000 acres and mean depth of only 8 feet, Upper 
Klamath Lake was historically eutrophic, but is now considered 
hypereutrophic. The present lake environment is dominated by massive 
blooms of the algae, Aphanizomenon flos-aquae, during the summer 
growing season. Aphanizomenon presence in Upper Klamath Lake has 
become excessive in recent years, contributing to both poor water quality 
and fish die-offs. Phosphorus is the potential controlling mechanism 
driving the algal blooms, with phosphorus entering the lake from the 
watershed as well as the internal loading from lake sediments.  
 
As phosphorus increases, Aphanizomenon chlorophyll-a production 
increases. Chlorophyll a is a pigment found in algae and is used as a 
measure of plant biomass. High chlorophyll-a production is directly 
correlated to photosynthetically elevated pH levels (exceeding pH 10). 
When the algal bloom seasonally “crashes,” dissolved oxygen in the lake 
drops. Additional water quality factors affecting fish are high un-ionized 
ammonia and high pH which cause physiological stress and mortality in 
fish.  
 
A field study conducted by USGS and reported by Tamara Wood found 
that there are likely multiple causes for the extremely low dissolved 
oxygen events in Upper Klamath Lake. These events are likely caused by 
a convergence of conditions that can include:  

• A crash in the algae bloom resulting in cessation of 
photosynthetically produced dissolved oxygen;  

• A stall or reversal in the wind stress which slows the normal 
clockwise circulation of the lake water, allowing more time for the 
oxygen-demanding processes to deplete the oxygen in the water; 

• High water temperatures which increase metabolic processes in 
general and in particular respiration or bacterial decomposition 
processes that consume oxygen. 

 
Fish distribution studies in Upper Klamath Lake from 2002-2004 found 
that Lost River and shortnose suckers utilized mean water depths of 
between 2.5 meters and 3.0 meters (8-9 ft), which are most frequently 
associated with dissolved oxygen levels of 6-10 mg/L. 
 
Modeled analysis of water quality data has provided some valuable 
information for understanding the water quality risks to suckers. Some 
conclusions that can be drawn from these models include:  

• The risk of suckers experiencing lethal dissolved oxygen levels is 
highest in July and August;  
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• The minimum dissolved oxygen in August is related to the algal 
biomass loading; 

• Reducing the algal biomass loading will decrease the probability 
that suckers will experience dissolved oxygen levels less than 3 
mg/L;  

• Adult suckers tend to avoid areas of highest combined pH and 
dissolved oxygen stress;  

• High un-ionized ammonia stress has increased in Upper Klamath 
Lake since the mid-1990s.  

 
Poor water quality imposes substantial risk to the endangered sucker 
populations and may be prominent among the factors controlling 
sustainable Lost River and shortnose sucker population levels in Upper 
Klamath Lake. 
 
The panel discussed water quality as a threat to the endangered suckers, 
and questioned how weather and wind circulation affect water quality, as 
well as whether using lake elevation as a management tool is effective. 
 
There was little disagreement that reducing the nutrient load into the lake 
would help improve water quality. The remaining questions revolve 
around how much restoration work is needed for sufficient water quality 
improvement to benefit the species, and how long it will take to see that 
improvement. 
 
 

 
 

Background Information on Upper Klamath Lake Water 
Quality 

 
Jacob Kann, Aquatic Ecosystem Sciences, LLC, Ashland, Oregon 

 
 
Jake Kann noted that poor water quality in Upper Klamath Lake was one of the factors 
contributing to the ESA listing of the Lost River and shortnose suckers in 1988, and it 
continues to be of concern. Upper Klamath Lake is a highly dynamic and variable lake. 
With a surface area of approximately 70,000 acres and mean depth of 8 feet, Upper 
Klamath Lake was historically eutrophic, but is now considered hypereutrophic. 
 
Aphanizomenon Presence and Water Quality in Upper Klamath Lake 
The present lake environment is dominated by massive blooms of the algae, 
Aphanizomenon flos-aquae, during the summer growing season. Kann reported that, 
according to paleolimnological core studies of the lake bottom (Eilers et al. 2001), the 
sediment accumulation rate has increased rapidly in recent years with concentrations of 
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akinetes (resting cells of Aphanizomenon) increasing in the more recent sediments. 
Because akinetes were not present in sediments older than 1900, their presence in Upper 
Klamath Lake is relatively recent. Aphanizomenon appeared in the lake before the 
bordering wetlands were drained for pastures and farmland, but its presence has become 
excessive in recent years, contributing to the poor water quality and fish die-offs in Upper 
Klamath Lake.  
 
The effects of Aphanizomenon flos-aquae blooms on water quality in Upper Klamath 
Lake include: 

• Chlorophyll-a production, as the measure of algal abundance, is directly related to 
total phosphorus (internal loading from sediments and external loading from the 
watershed) in Upper Klamath Lake. As phosphorus increases, chlorophyll-a 
production increases; 

• High chlorophyll-a production is directly correlated to photosynthetically elevated 
pH levels (exceeding pH 10); 

• When the algal bloom seasonally “crashes,” dissolved oxygen in the lake drops; 
• The algal decomposition from the bloom “crash” depletes dissolved oxygen and 

contributes to high un-ionized ammonia; these, combined with high pH, cause 
physiological stress and mortality in fish.  

 
Jake Kann remarked that phosphorus is the potential controlling mechanism driving algal 
blooms. There is significant internal loading of phosphorus in the lake-bottom sediments, 
and additional phosphorus enters the lake from the watershed. If we can decrease the 
phosphorus, the algal biomass and pH will be reduced, lowering fish stress and mortality. 
. 
Water Quality of Runoff from Flood Irrigated Pasture in the Wood 
River Valley  
 
Kann also reported on new data from a recent study, “Water Quality of Runoff from 
Flood-Irrigated Pasture in the Wood River Valley, Upper Klamath Basin, Oregon.” The 
study objectives were to compare pasture runoff with the background water quality, 
determine the source and transport of nutrients, and consider opportunities for water 
quality improvement. 
 
Water quality analysis included testing for dissolved organic carbon, total dissolved 
nitrogen, total dissolved phosphorus, ammonium, nitrate, and orthophosphate. Tests 
found consistent differences between the headwater that entered the fields and the 
tailwater that exited the fields, with an increased concentration of all nutrients. There was 
a particularly high export of phosphorus and dissolved nitrogen during the “first flush” of 
the irrigation cycle, causing the detachment and transport of particulate organic matter, 
although there was a minimal net export of phosphorus over the entire irrigation cycle.  
Storm water runoff had a high concentration of phosphorus as well. 
 
The study concluded that land use practices would have a significant effect on the 
phosphorus and nitrogen entering Upper Klamath Lake during the “first flushing” events. 
Management practices suggested for implementation included riparian area fencing, 
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wetlands and retention basins for runoff, increased cattle dispersion, resting grazing units, 
and management of the runoff. 
 

 
 

Comparison of the Dissolved Oxygen Conditions in the 
Northern Third of Upper Klamath Lake, 2002-2004 

 
Tamara Wood, USGS, Portland, Oregon 

 
 
Water Quality Study 
 
In 2002 the water quality monitoring network consisted of 11 continuously recording 
monitors over the northern part of Upper Klamath Lake. All the monitors were located 
one meter off the lake bottom and measured pH, dissolved oxygen, temperature, and 
conductivity. In 2003 and 2004 the number of continuously recording monitors was 
increased to 14.  Chlorophyll a samples were collected weekly at some of the sites all 
three years. 
 
Observations of Water Quality Monitoring Data 
 
Wood provided graphs representing the three years of data collected.  In 2002, dissolved 
oxygen readings largely reflected the location of the monitors in the water column. All 
monitors were one meter off the bottom, and locations in deeper water measured lower 
dissolved oxygen concentrations than the shallower locations which were in the photic 
zone and measured supersaturated conditions. While low dissolved oxygen (less than 4 
mg/L) was recorded at the deeper sites some part of the day for several weeks in July and 
August 2002, those low concentrations were interpreted as being mostly limited to the 
lower part of the water column at the deeper sites. Chlorophyll a samples collected at 3 of 
4 weekly sampled sites indicated a bloom crash near the end of July. Shoalwater Bay was 
the exception, with one extremely high Chlorophyll a value measured at the same time of 
the bloom crash at the other sites. Wood remarked that these data suggest that large 
patches of Aphanizomenon flos-aquae were moved into the bay by wind-driven 
circulation, and may have become trapped for a period of time. The timing of the bloom 
crash correlates with an increase of air particulates in the basin from the Biscuit forest 
fire which started on July 13, 2002, and Wood stated that the smoke cover may have been 
responsible for, or at least exacerbated, the algal bloom crash.  
 
In 2003, Chlorophyll a samples collected at the three weekly sampled sites indicated a 
crash in the algal bloom occurred near the end of July. Wood noted that the manifestation 
of this crash in the dissolved oxygen concentrations was qualitatively different from 2002 
in terms of both spatial extent and severity. The lack of photosynthetic production of 
oxygen, in combination with ongoing and unabated oxygen-demanding processes, 
resulted in a severe event of low dissolved oxygen concentrations. The data indicates the 
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event developed over a period of about one month, concluding in daily mean dissolved 
oxygen concentrations of 1-2 mg/L over much of the northern third of Upper Klamath 
Lake. The worst conditions lasted about a week around July 27th. Wood remarked that the 
event was coherent over the monitors located in the deepest part of the study area: the 
“bowl” bounded by the trench and entrances to Ball and Shoalwater Bays on the south, 
the entrance to Pelican Bay on the west, and the shoaling to the north and east. The 
affected area was approximately 30 km², with data from the profiling buoys indicating 
that the low dissolved oxygen concentrations were not limited to the lower part of the 
water column. Causes of this July algal bloom crash are not known, but Wood noted that 
water velocities collected in 2003 with acoustic Doppler current profilers (ADCP) 
showed the prevailing clockwise circulation patterns probably transported oxygen-
depleted water into the study area. It is unlikely that these low dissolved oxygen 
conditions developed in situ.   
 
The data from 2004 did not indicate a noticeable algal bloom crash affecting the northern 
part of the lake. The dissolved oxygen conditions were more moderate than the past two 
years at the shallow and deep water sites. An extra monitoring site was placed in the 
trench area with more measurements added into the field season, based on previous 
observations about the role of wind-driven circulation and anticipating more extreme 
events. With the extra measurements there was evidence of “pulses of water” low in 
dissolved oxygen developing in the trench area. This evidence supports the theory that 
the deep trench, combined with wind-driven circulation, aides in the development of 
extreme anoxia in the northern part of the lake. There was a low dissolved oxygen pulse 
of water that moved out of the trench mid-July 2004, but it was not as extensive as the 
event in July 2003. Another low dissolved oxygen pulse developed mid-August 2004 that 
was widespread at all of the deepest sites in the study area along the northern remnant of 
the trench, but it was not as extreme as the July 2003 event.  Wood remarked that 
synoptic sampling around the lake during these two 2004 events indicates that the 
depletion of oxygen in the trench was bottom-intensified in mid-July, but extended 
throughout the water column by mid-August. The August event involved a much larger 
volume of water. Wood also noted that the bottom dissolved oxygen intensification 
points to sediment processes as being of primary importance, whereas the oxygen 
depletion throughout the water column points to water column processes being as 
important as sediment processes. 
 
Water Quality Modeling 
 
Wood remarked that visual inspection and routine statistical techniques were insufficient 
for evaluation of the observed wind data sets in terms of its potential for increasing 
residence time in the trench. They used a simple preliminary version of the water quality 
model as a filter to determine those time periods when the wind over the lake reversed or 
stalled enough to increase the residence time in the trench area. This technique showed 
the potential for the wind-driven circulation to move water depleted of dissolved oxygen. 
This preliminary modeling supported the hypothesis that the one factor in producing 
anoxic events in the study area is the wind-driven circulation of oxygen-depleted water 
from other areas, especially the Eagle Ridge trench.  
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Conclusions 
 
Wood noted that it seems unlikely that there is a single cause for an extreme dissolved 
oxygen event such as was observed in July of 2003. More likely it is a convergence of 
conditions, including but not limited to the following: 

• A crash in the algae bloom, which may be localized in the northern part of the 
lake, resulting in cessation of photosynthetically produced dissolved oxygen; 

• A stall or reversal in wind stress which slows the normal clockwise circulation of 
the lake water, increasing residence time in the trench which allows more time for 
the oxygen-demanding processes to deplete that water of oxygen; the resumption 
of the normal circulation pattern moves the oxygen-depleted water up the western 
side of Bear Island and into the northern part of the lake; 

• High water temperatures which increase metabolic processes including 
respiration, and bacterial decomposition processes that consume oxygen. 

 
Wood felt it important to note that the list of contributing conditions does not include an 
extended period of low wind stress resulting in near-bottom low dissolved oxygen 
concentrations, followed by a mixing event. She stated that current evidence does not 
support this as a likely scenario leading to an extreme poor water quality event. 
 

 
 

Distribution and Behavior of Adult Lost River and Shortnose 
Suckers with Respect to Water Quality in Northern Upper 

Klamath Lake 
 

Rip Shively and Barbara Adams, presenters, USGS,  
Western Fisheries Research Center, Klamath Falls Field Station 

 
 
Study Background Information 
 
Rip Shively provided background information on the study the USGS initiated in 2002 as 
required by the 2002 Biological Opinion. There are monoculture blooms of blue-green 
algae, Aphanizomenon flos-aquae, in Upper Klamath Lake. These blooms affect the 
water quality conditions and potentially lead to fish die-offs. 
 
In a previous study by the US Bureau of Reclamation (Reiser et al. 2000), researchers 
found: 

• Virtually all adult Lost River suckers and shortnose suckers were located in the 
northern third of Upper Klamath Lake between June and September; 

• There were no distribution differences between species during summer tracking; 
• Suckers preferred water depths between 6 and 9 ft., and avoided depths of less 

than 3 ft.; 
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• Dissolved oxygen at sucker locations was greater than 4.0 mg/L during 94% of 
observations. 

 
Study Objectives and Methods 
 
The objectives of this USGS study were: 

• Determine spatial and temporal distributions of adult Lost River suckers and 
shortnose suckers in Upper Klamath Lake between June and September; 

• Determine the water depths and water quality conditions at Lost River sucker and 
shortnose sucker locations; 

• Determine adult sucker distribution and behavior with respect to water-quality 
conditions in northern Upper Klamath Lake; 

• Determine movements and movement rates of Lost River suckers and shortnose 
suckers. 

 
The research team collected and radio-tagged adult suckers at four different areas: the 
Sprague River Dam ladder, the mouth of the Lower Williamson River, Upper Klamath 
Lake shoreline spawning sites, and at lake-wide sampling sites. They radio-tagged a total 
of 91 Lost River suckers and 121 shortnose suckers in 2002, 2003 and 2004. 
 
In 2002, 2004 and 2005, the research team tagged 21 Lost River suckers and 20 shortnose 
suckers with archive tags that record the depths at which the fish were found. Two tags 
have been recovered to date.  
 
For tracking the radio-tagged suckers, the intensive study area was divided into four 
quadrants within the northern third of Upper Klamath Lake. Boats were used to track 
suckers within the study area and aerial tracking was used to locate suckers outside the 
study area. Short-term movement studies were performed once a week.  
 
Shively showed several tables, graphs and maps of the data collected from the radio-
tagged suckers during the periods of the study from 2002-2004.  These depicted sucker 
species distribution by month, 75% Kernal Homerange Estimate, depth progression and 
sucker locations, sucker depth associations, dissolved oxygen and pH at sucker locations.  
 
Study Conclusions 
 
Distribution 
The telemetry study showed there are distinct patterns of distribution that are species-
specific to Lost River suckers and shortnose suckers within the intensive study area. Lost 
River suckers ranged from Pelican Bay to Ball Point and Eagle Ridge from June through 
August, and started to move east of Eagle Ridge in late August through September. 
Shortnose suckers stayed near the mouth of the Williamson River in June and early July 
each year, moved along Coon Point during late July/early August, then moved into Ball 
Bay in late August and east of Eagle Ridge in September. Few suckers of either species 
were observed using Shoalwater Bay. 
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Homerange species distributions overlapped extensively in 2003, less in 2004, and very 
little in 2002. The overlap in 2003 was between Rocky Point and the mouth of Pelican 
Bay, and both Shively and Adams believe it was largely due to extensive use of Pelican 
Bay by both species during and after a low dissolved oxygen event in mid- to late July.  
The 2004 overlap was between the mouths of Pelican Bay and Ball Bay. 
 
Mean Water Depths 
Mean depths of sucker locations for both species tended to be deeper than the mean depth 
available in the intensive study areas. In 2002, Lost River suckers’ weekly depth associa-
tions were consistently around 3.0 meters. Shortnose suckers’ weekly depth associations 
were shallowest early in the 2002 tracking season, but tended to be associated with water 
depths of 2.8 meters during the rest of the season. In 2003, Lost River and shortnose 
suckers’ weekly depth associations were greatest in June and early July, and then 
decreased as the year progressed (except during the week of September 14 when water 
depth association was the deepest for both species). In 2004, weekly depth associations 
were around 3.0 meters for Lost River suckers and 2.8 meters for shortnose suckers 
(except the week of September 12 when water depth association was the deepest for both 
species).  
 
Lost River suckers utilized mean water depths of 3.0 meters in 2002 and 2004 and 
significantly shallower water depths of 2.5 in 2003. This difference in depth utilization is 
attributed to the use of Pelican Bay during and after the poor water quality event that 
occurred in Upper Klamath Lake in late July 2003. Both species tended to prefer areas of 
deeper water that are at the greatest risk for poor water quality. 
 
Water Quality: Dissolved Oxygen  
Shively and Adams noted that both species were located in areas of similar water quality. 
Table 1 illustrates the mean dissolved oxygen at Lost River sucker and shortnose sucker 
locations for each year of this telemetry study. The mean dissolved oxygen was similar 
between species within years. 
 
Table 1.   Mean Dissolved Oxygen at Fish Locations 
 

Year Lost River Suckers Shortnose Suckers
2002 7.06 mg/L 7.13 mg/L  
2003 7.75 mg/L 7.77 mg/L 
2004 8.03 mg/L 8.07 mg/L 

 
In 2002 and 2004, more than 95% of contacts for both species were in areas where 
dissolved oxygen was greater than 4mg/L (Figures 1 and 2). In 2003, more than 85% of 
contacts for both species were in areas where dissolved oxygen was greater than 4mg/L. 
The difference for 2003 is more than likely due to the poor water quality event that 
occurred in mid- to late July.  
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In 2002 and 2004, Lost River suckers were most frequently associated with dissolved 
oxygen levels in the 6-8mg/L range (Figure 1), while in 2003 they were most frequently 
associated with dissolved oxygen in the 8-10mg/L range. 
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Figure 1.  Proportions of Lost River suckers by dissolved oxygen concentration range 
(mg/L) at sucker locations within the intensive study area of Upper Klamath Lake, 
Oregon. 
Source:  Rip Shively and Barbara Adams, Adult Sucker Telemetry PowerPoint presentation and written summary, April 2005. 
 
 
Shortnose suckers in 2002 were most frequently associated with dissolved oxygen 
concentrations in the 6-8 mg/L range, while in 2003 and 2004 they were most frequently 
associated with dissolved oxygen in the 8-10 mg/L range (Figure 2). 
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Figure 2.  Proportions of shortnose suckers by dissolved oxygen concentration range 
(mg/L) at sucker locations within the intensive study area of Upper Klamath Lake, 
Oregon.    
Source:  Rip Shively and Barbara Adams, Adult Sucker Telemetry PowerPoint presentation and written summary, April 2005. 
 
There were individuals of both sucker species that would persist in areas of low dissolved 
oxygen (3-4 mg/L) for short durations of time or limited to the lower water column, but 
this was unusual. Also, both species moved into Pelican Bay if water quality conditions 
became poor throughout the water column. It was noted by Shively and Adams that few 
suckers moved into the Williamson River when water quality conditions became poor 
throughout the water column in Upper Klamath Lake. 
 
Movement Rates 
Long-term movement rates (i.e., individual contacts between 1 and 12 days) showed that 
neither Lost River nor shortnose suckers stayed in one area for long.  Both species tended 
to move at least moderate distances between contacts. 
 
Additional Analysis 
 
Shively listed several topics for further analysis of the data collected from this telemetry 
study: 

• Determining a dissolved oxygen “threshold” for fish movements; 
• Modeling of observed distribution; 
• Developing individual-based modeling to predict risk; 
• Linking the individual-based modeling with the water quality model to examine 

past events and better evaluate the impact of water quality on fish health. 
 
 

 
 

An Approach and Analysis Using US Bureau of Reclamation 
and Klamath Tribes Water Quality Data in Assessing Suckers’  

Low Dissolved Oxygen Risk in Upper Klamath Lake 
 

Noble Hendrix, presenter, with Michael Loftus and Thomas E. Helser, 
R2 Resource Consultants, Redmond, Washington 

 
 

In an effort to understand the causes of substantial fish die-offs in Upper Klamath Lake in 
the mid-1990s, R2 Resource Consultants analyzed water quality data from 1994-2001. 
Researchers believed deteriorated water quality was related to the die-offs. Data indicated 
that the Aphanizomenon flos-aquae bloom and its decay (crash) reduced dissolved 
oxygen concentrations to levels stressful to fish.  Researchers have been attempting to 
clarify the interactions between the physical factors (wind, solar radiation, fresh water 



SECTION 4 OTHER THREATS 43 

inflow, etc.), their impact on the water quality parameters, and sucker population 
dynamics. 

 
Water Quality Monitoring Data 
 
Water quality data were gathered from several stationary monitoring sites in Upper 
Klamath Lake.  

• The US Bureau of Reclamation (USBR) sites: mid-north, Ball Bay, and 
Shoalwater Bay. The mid-north site records at both surface and one meter off-
bottom. 

• The Klamath Tribes on-bottom water quality data collected near the USBR mid-
north site.  

 
Objective 
Hendrix stated the specific objective of this analysis was to evaluate the available water 
quality data and develop a model to estimate the probability that endangered suckers in 
Upper Klamath Lake would be adversely affected by critically low dissolved oxygen 
concentrations during the summer months. 
 
To achieve this objective, R2 used the following process: 

1. Construct candidate models from list of factors affecting 1-meter off-bottom 
dissolved oxygen; 

2. Determine maximum likelihood estimates for parameter estimates in each of the 
candidate models;  

3. Compare models using information criteria; 
4. Select the “best” model; 
5. Using the “best” model, re-estimate model parameters with uncertainty; 
6. Predict 1-meter off-bottom dissolved oxygen with uncertainty; 
7. Correct 1-meter off-bottom dissolved oxygen to on-bottom dissolved oxygen. 

 
The different levels of risk to the suckers were defined as:  

1. Lethal Risk = bottom dissolved oxygen < 1.5 mg/L; 
2. Sub-lethal Risk (potentially lethal) = bottom dissolved oxygen < 2.0 mg/L; 
3. Stress Risk = bottom dissolved oxygen < 3.0 mg/L; 
4. Conditional Risk = bottom dissolved oxygen < 1.58 mg/L; water temperature < 22°C      

and  bottom dissolved oxygen < 4.0 mg/L; water temperature > 22°C.   
 

The possible factors affecting 1-meter off-bottom dissolved oxygen were identified as: 
• Dissolved oxygen minimum = minimum daily dissolved oxygen at 1-meter below 

surface (mgL-1 ); 
• Temperature = daily maximum (°C); 
• Wind = maximum daily 4-hour average (mph); 
• Dissolved oxygen rate = rate of change (dissolved oxygen mgL-1hr-1) from daily 

maximum dissolved oxygen to daily minimum dissolved oxygen at 1-meter below 
surface; 

• Wind Direction = prevailing wind direction in 90° quadrants; 
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• Depth = water depth (feet). 
 
Model Limitations and Conclusions 
After showing several graphs of the modeling analysis effort, Hendrix noted there were 
some limitations of the selected model. The statements of risk did not reflect the 1995 or 
1996 fish die-offs. Also, there was limited spatial replication of the 1-meter below the 
surface dissolved oxygen data. Understanding the annual effects of the algal biomass 
loading was limited by a small sample size of 8 years. 
 
Hendrix stated the conclusions that can be drawn from the modeled analysis: 

• 1-meter off-bottom dissolved oxygen is low when wind speed is low, dissolved 
oxygen on surface is low, temperature is high, and there is a large change in 
dissolved oxygen concentrations throughout the day; 

• The risk of suckers experiencing lethal dissolved oxygen level is highest in July 
and August; 

• The minimum dissolved oxygen in August is related to the algal biomass loading; 
• Reducing the algal biomass loading will decrease the probability that suckers will 

experience dissolved oxygen level less than 3 mg/L. 
 

There are two limitations to the existing analysis: (1) the lake-wide risk was based on the 
three monitoring stations, the assumption being that these sites are representative of the 
dissolved oxygen in the lake and all fish are located in water quality similar to these sites; 
(2) the wind speed used to convert surface to bottom dissolved oxygen was taken from 
the Klamath Falls airport, which may not be a good predictor of dissolved oxygen in 
Upper Klamath Lake. 
 
Adding new data could provide new opportunities for modeling analysis: 

• Comprehensive data collections gathered by the USGS in the 2002-2004; 
• “On-the-nose” water quality data taken from fish that had been radio tracked; 
• Northern Upper Klamath Lake water quality data collection array deployed by 

USGS. 
 
 

 
 

Review of Lost River and Shortnose Sucker Water Quality 
Tolerances and Summary of Known Fish Die-Offs 

 
Scott P. VanderKooi, Presenter, USGS Field Station, Klamath Falls, Oregon 

Study Team Members: USGS Western Fisheries Research Center,  
USGS Field Station, Klamath Falls, Oregon 
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Water Quality Tolerances 
 
Scott VanderKooi described Upper Klamath Lake as a dynamic lake, prone to extremes 
in water quality conditions. Laboratory and field studies have shown Lost River and 
shortnose suckers of Upper Klamath Lake to be relatively tolerant of poor water quality. 
 
Laboratory Studies 
In one study by Saiki et al. 1999, a 96h LC50s (96-hour median toxicity/tolerance test), 
Lost River and shortnose sucker larvae and juveniles were subjected to lethal conditions 
for pH, un-ionized ammonia, temperature and dissolved oxygen (DO). Each factor (pH, 
DO, etc.) was tested in isolation, not combined with the other factors. The tolerance 
levels for the tested fish were: 

• pH: 10.3 – 10.4 
• un-ionized ammonia: 0.5 – 1.0 mg/L 
• temperature: 30 –  32°C  
• dissolved oxygen: 1.3-2.1 mg/L 

 
In other laboratory studies, larvae and juvenile Lost River suckers were exposed to 14 – 
30 days of high pH, high un-ionized ammonia, or low dissolved oxygen. In a study by 
Meyer and Hansen 2002, the 14-30 day exposure showed little sub-lethal response (e.g., 
altered growth, ion levels, and swimming performance) by the larvae and juvenile 
suckers. In a study by Lease et al. 2003, researchers observed elevated un-ionized 
ammonia, damaged gill tissue and increased oxygen diffusion distance in the sucker 
larvae and juveniles during the study exposure times. 
 
Field Studies 
Martin and Saiki 1999 conducted 4-day live cage exposures of juvenile Lost River 
suckers at multiple (8) sites in Upper Klamath Lake. They found that sucker mortality did 
not always increase with rising temperature, pH, or un-ionized ammonia. But, high 
mortality was associated with very low dissolved oxygen levels ≤ 1.05 mg/L. 
 
In another field study, Terwilliger et al. 2003, researchers analyzed juvenile Lost River 
and shortnose sucker growth using otolith daily increment widths and water quality 
conditions in Upper Klamath Lake. They found there were no sub-lethal effects on fish 
growth as measured by otolith increment width until the water temperature exceeded 
22°C and dissolved oxygen was less than 4mg/L for Lost River suckers or less than 
1mg/L for shortnose suckers. 
 
Fish Die-offs 
 
VanderKooi reported that fish die-offs in Upper Klamath Lake have been recorded in the 
following years: 1894, 1928, 1932, 1967, 1968, 1971, 1986, 1994, 1995, 1996, 1997, and 
2003. It is not known if periodic mass fish mortalities have always occurred in Upper 
Klamath Lake. The die-off events in 1994 and 2003 appear to have been minor compared 
to the other years. The events in 1986, 1995, 1996, 1997, and 2003 are the best 
documented, and are displayed in Table 1. below. 
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Table 1. Number of Collected Sucker Carcasses during Die-Offs 
  
 
 
 
 
 
 
 
The causes of the fish mortality are mostly from hypoxia (low dissolved oxygen) and 
disease, primarily Columnaris. 
 
There are difficulties in accurately estimating the magnitude of the fish die-offs or 
comparing the different events. Those difficulties include: variable efforts and methods 
used to retrieve the dead fish, differences in locations of mortalities between years, the 
duration of the events, fish that sink after death, and the loss of dead fish (particularly 
small fish) to bird predation. 
 
Fish Die-Off Impacts 
There have been changes in the size and age structure of the sucker populations since the 
mid-1980s. The populations once dominated by larger, older fish have shifted to 
populations that consist of mostly smaller, younger fish.  
 
Also, trends in abundance and reproductive indices have declined significantly from 
1995–1998 for Lost River and shortnose suckers. The Williamson River index values for 
Lost River suckers were 90% lower in 1998 than the 1995 and the index values for 
shortnose suckers in 1998 were only 3% of those observed in 1995. 
 
 

 
 
Review of Water Quality Conditions during the 1990s Die-Offs 

 
Jacob Kann, Aquatic Ecosystem Sciences, LLC, Ashland, Oregon 

 
 
There were three major fish die-offs in Upper Klamath Lake in 1995, 1996, and 1997. 
Kann provided graphs of research evidence showing different variables (pH, water 
temperature, un-ionized ammonia, wind speed, chlorophyll a-algal biomass, water 
column stability, and dissolved oxygen) that could affect the water quality conditions that 
lead to the fish die-offs.  
 
He stated that the algal bloom is controlling the dissolved oxygen in the lake water; and 
there is high water column stability (periods of low wind speeds) before the bloom 
crashes. 

Year Number of suckers collected
1986 190 
1995 472 
1996 4453 
1997 2335 
2003 108 
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Kann concluded that managing the algal biomass is the key to controlling water quality in 
Upper Klamath Lake. He summarized: 

• High biomass strengthens the positive feedback loop and sets the stage for lethal 
water quality when it dies off; 

• Low biomass weakens the positive feedback loop and reduces the likelihood for 
lethal water quality when it dies off; 

• Windy periods improve water quality; 
• Calm periods exacerbate poor water quality conditions. 

 
Kann also recommended that a decrease of phosphorus loading entering Upper Klamath 
Lake would help reduce the total phosphorus concentration in the lake, thereby reducing 
the algal biomass that flourishes with high phosphorus conditions. Reducing the algal 
biomass will improve water quality conditions and improve the fishery of the lake. 
 
 

 
 
Stress Levels Associated with Water Quality Conditions in the 
Habitat Regime of Lost River and Shortnose Suckers in Upper 

Klamath Lake 
 

Michael Loftus, R2 Resource Consultants, Inc., Redmond, Washington 
 
 
Water Quality Stress on Suckers 
 
Mike Loftus introduced information on a physiological stress index for Lost River and 
shortnose suckers that was developed for a range of water quality parameters in Upper 
Klamath Lake. Those parameters included: pH, dissolved oxygen, temperature, and un-
ionized ammonia. This stress index used water quality monitoring data sets collected by 
The Klamath Tribes and the US Bureau of Reclamation from 1990 to 2000 at several 
fixed locations from May to October in Upper Klamath Lake, Oregon. These index 
values are used to portray the seasonal stress factors affecting both sucker species 
throughout Upper Klamath Lake and particularly the lake’s northern region where the 
adult suckers are usually found during the summer months. 
 
Loftus stated that the results revealed that large areas of Upper Klamath Lake are subject 
to high stress conditions for the suckers with maximum stress levels in July or August. 
The stress levels recede in conjunction with the “crash” of the algal bloom in the lake, 
and then rise to a second high level in September or October. He noted that high algal 
chlorophyll a levels are directly related to high stress conditions for the suckers. 
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During years when the Bureau of Reclamation was conducting radio tagging studies on 
suckers (1993-1999), water quality conditions at the known fish locations were compared 
to the fixed water quality monitoring stations over the same time periods. Those 
comparisons showed that the adult suckers tended to avoid the most severe stress 
conditions and they endured low to intermediate stress depending on their location and 
movements. 
 
Water quality stress summary: 

• High water quality stress event frequency is directly correlated with the average 
algal chlorophyll a concentrations; 

• Average wind speed is negatively correlated with chlorophyll a and stress, only; 
• Adult suckers tend to avoid highest combined pH and dissolved oxygen stress, if 

possible; 
• High un-ionized ammonia stress has increased since the mid-1990s; 
• Highest total stress days in 1997, representing total seasonal stress conditions 

were coincident with the fish die-off in that year, but not with other die-off years; 
• Seasonal patterns of combined high stress are similar year to year with stress 

conditions worsening after mid-1990s. 
 
Sucker Species Water Depth Selection 
 
Analysis of data from the Bureau of Reclamation radio tagging studies of adult suckers 
from 1993-1999 provided information on: 

• Water depth selection, utilization, and avoidance by the sucker species. 
• Low water year effects (1994). 
• Seasonal/lake level trends in depth selection. 
• Fish movement and water quality in the lake, particularly fish accessibility to 

refugia and issues involving lake elevation.  
 
The data analysis showed that adult Lost River and shortnose suckers tended to select 
water depths of 6-9 ft and avoid depths of 1-3 ft. Also, analysis of the sucker depth 
selection over the range of lake elevations found that the fish depth distribution differed 
from the habitat depth distribution, and adult suckers tended to select deeper waters 
available with suitable water quality.  
 
A further analysis of sucker species water depth utilization and selection in relation to 
receding lake elevations was performed. Loftus stated that the frequencies of use of set 
depth ranges were compared to the bathymetry-based percentages of depth habitat at lake 
surface elevations ranging from 4,143 to 4,137 ft-msl (mean sea level). This would show 
how the depth-habitat selected by the adult suckers of both species diminished with the 
receding lake elevations.  Initial results showed the selected depth range of 6-9 ft 
represented nearly 40% of Upper Klamath Lake wetted surface area between lake 
elevations of 4,143 to 4,141 ft-msl, but that this depth range was reduced to 5% of the 
wetted surface area at 4,137 ft-msl. 
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Loftus noted that during the low water year of 1994 none of the radio tagged suckers 
moved into water less than 3 feet deep. At lake elevations below 4,140 ft-msl this 
avoidance behavior restricted adult suckers access to areas of better water quality 
(refugia) located near the mouth of Pelican Bay and the Williamson River.  
 
The weekly tagged sucker movements showed several instances of fish congregating 
near Pelican Bay when poor water quality was prevalent in the northern region of Upper 
Klamath Lake. Up to 80% of the tagged fish were found near areas of better water 
quality. Loftus noted it could be inferred that a large proportion of the untagged sucker 
population, theoretically approaching 80%, could exhibit similar behavior and be 
vulnerable to high stress or mortalities if water quality conditions had worsened. He 
stated that this and other evidence from several Upper Klamath Lake sucker studies 
suggest that poor water quality imposes substantial risk to the endangered sucker 
populations and may be prominent among the factors controlling sustainable Lost River 
and shortnose sucker population levels in Upper Klamath Lake. 
 
 

 
 

Facilitated Discussion:  Evaluation of the Water Quality Information 
 

The ISRP was asked by facilitator, Terry Morton, to evaluate and discuss the water 
quality information presented over the past two workshops.  The main focus was 
evaluating water quality as a threat to the endangered Lost River and shortnose suckers, 
both at the time of the ESA listing and at present. Other threats or risks were also 
addressed by some of the panel members. 
 
Jake Kann (Aquatic Ecosystem Sciences, LLC) stated that the threats to the suckers today 
are the same as at the time of listing. Water quality is still a threat to the fish. There are 
no new data to say it has improved. Jack Williams (Trout Unlimited) added that it is a 
long-term process to reduce the factors that cause the water quality problems. A reduction 
in nutrient load will require more time to show results. 
 
Jake Kann was asked how long it will take to see water quality improvements if the 
recommended land management practices are implemented. He responded that minor 
improvements might be seen in ten years or as long as fifty years. It all depends on the 
restoration and management improvements. 
 
John Crandall (Nature Conservancy) remarked that the status quo of land management 
may pose a threat to water quality. Roger Smith (ODFW) added that riparian fencing 
only works if it is maintained. 
 
Larry Dunsmoor (The Klamath Tribes) stated that the nutrient loading issue can be the 
most rapidly improved. He noted that the Sprague River has undergone significant 
eutrophication and a large decrease in use by suckers. 
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Mike Loftus (R2 Resource Consultants) raised the question whether we can realistically 
cut nutrient loading to the lake enough to affect the water quality. 
 
Mike Loftus also remarked that there has been an increase in fish die-offs since the 1988 
listing. He questioned if this could this be indicative that water quality has not improved.  
 
Rip Shively (USGS) stated that he believes population density may play a role in whether 
there is a die-off. Larry Dunsmoor remarked that there are still die-offs and the fish are 
still at risk from poor water quality. Although the variables may be different than was 
thought in 1988, water quality is a severe problem.  
 
Mike Cooperman (OSU) noted that parasite loads are higher than the time of listing and 
that disease is a greater threat now. Mark Buettner (USFWS) responded that Lernaea has 
been a common parasite for a long time, not just since 1995 and the OSU study. Also, 
Columnaris disease was present and could have been a cause in the 1971 fish die-off. 
 
Roger Smith remarked that the stressors are adding up. There are times when dissolved 
oxygen may be the main factor, other times disease is the main factor. Mike Cooperman 
replied that there is a continuing increase in the parasite load and disease prevalence is 
stronger now and adds additional stress. The stress load has increased. Mike Loftus added 
that there is no evidence the stressors in the 1988 listing have abated and some stressors 
have probably increased. 
 
Chuck Hanson (Hanson Environmental) surmised there are cause-and-effect threats. Are 
there risks that prevent these species from recovery? For example, lack of recruitment. 
 
Mike Rode (CDFG) stated that the coho salmon has been listed as Threatened since the 
sucker listing. More water has been sent down river for the salmon, lowering the lake 
level. Larry Dunsmoor remarked that he thought water management is important to the 
listing and for the status of the suckers.  
 
Jake Kann commented that lake elevation is too complex to address alone, as there are 
habitat issues. Doug Markle (OSU) remarked that historically, suckers were in deeper 
lakes. He felt that the lake elevation is a factor with habitat. Mike Cooperman added that 
lake elevation is a contributing condition as well as other parameters such as habitat loss, 
food availability, circulation patterns and water quality. 
 
Dudley Reiser (R2 Resource Consultants) stated that a matrix could tie in lake levels with 
the other risk factors. Chuck Hanson added that we need to identify the risks to the 
species. If lake level is a parameter that is a significant threat today, it can be used in the 
decision. If it is tied to a process like water quality and water quality is deemed a threat, 
lake level is part of the recovery plan. 
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Rip Shively asked if there were events where wind is not the “cure-all”? Jake Kann 
responded that wind has differing effects depending on where the algae (Aphanizomenon) 
are in the bloom cycle. Shively stated that the shallower the lake the greater the effect of 
the wind.  
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Mike Cooperman remarked that weather affects water quality, including regional climate 
cycles and patterns. Comparison of juvenile fish recruitment seems to have some strong 
positive correlations with weather patterns. 
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SECTION 5 
Other Threats 

 
 
 Section Summary 

 
 Fish Health Review:  Upper Klamath Lake; J. Scott Foott, 

USFWS  
 

 Lab Studies of Fathead Minnow Predation upon Endangered 
Suckers; Larry Dunsmoor, The Klamath Tribes  

 
 

 
Summary 

 
Disease and predation were two identified threats to the survival of the 
Lost River and shortnose suckers at the time of their ESA listing in 1988. 
Contained in this section are reports on fish health in Upper Klamath Lake 
and laboratory studies of fathead minnow predation on endangered sucker 
larvae. 
 
The combination of environmental factors (e.g., algal bloom, elevated 
water pH) and bacterial flora (Flavobacterium columnare) and 
ectoparasites (Lernaea) can push Upper Klamath Lake fish to 
physiological imbalances that can make them vulnerable to infections and 
eventually disease and mortality. While infectious diseases play a role in 
adult fish mortality, multiple environmental stressors (e.g., low dissolved 
oxygen, high pH, and high ammonia, and pathogen infections) are 
probably necessary for the fish die-offs that have occurred in Upper 
Klamath Lake. 
 
Regarding the threat of predation, laboratory studies have shown fathead 
minnows prey on sucker larvae. These studies have also shown that 
greater water depth and the presence of cover significantly decrease 
predation. 
 
A short panel discussion on predation confirmed other research 
observations that fathead minnow abundance appears to negatively impact 
larval sucker survival. 
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Fish Health Review:  Upper Klamath Lake 
 

J. Scott Foott, US Fish and Wildlife Service California-Nevada Fish Health Center 
 
 
Scott Foott listed the different pathogens that have been found in suckers, fathead 
minnows, and chubs in Upper Klamath Lake: 

• Bacteria   
 Flavobacterium columnare, Aeromonas hydrophilia/Pseudomonas sp./ 

Staphylococcus group 
• Parasites  

 External: Lernaea, leech, Gyrodactylus (a mongenetic trematode), 
Trichodina (protozoan), Ichthyobodo (costia, also a protozoan)  

 Internal:  Myxobolus sp. (protozoan) – skin and internal organs 
• Helminth worms (nematode, cestode, trematode) 
• RBC Coccidian Haemogregrina 
• Fungi 

 Saprolegnia; majority are secondary colonizers of necrotic tissue 
• Viruses 

 No isolations to date  
 
Diseases thrive when three factors occur simultaneously:  stressful environmental 
conditions, the presence of pathogens, and susceptible hosts. If there is a bloom of the 
blue-green alga Microcystis, it can release toxins into the water exacerbating the already 
stressful environmental conditions.  In relating this to Upper Klamath Lake, Foott 
remarked that during algal blooms of the common blue-green alga, Aphanizomenon flos-
aquae (AFA), pH elevates to >9.5.1  Combined with bacterial flora and ectoparasites, 
these conditions push the fish to physiological imbalances, sub-clinical to acute 
inflections and eventually disease and mortality. He noted that many of the sampled fish 
have appeared healthy and robust at the time of capture, which highlights the general 
observation that infection is not equivalent to disease. Almost all wild fish are infected by 
multiple microbes as a normal state. Foott stated that disease is the result of physiological 
imbalance associated with severe infection. 
 

                                                 
1 There was some discussion about AFA also producing toxins. Foott stated in a follow-up email that some 
Aphanizomenon flos-aquae can also produce a neurotoxin. He cited Carmichael, W.W. and I.R. Falconer, 
Algal Toxins in Seafood and Drinking Water (Academic Press, New York, 1993) p.192. However, 
subsequent research by W.W. Carmichael et al. has found the Aphanizomenon species producing the 
neurotoxin in the above-cited research was misidentified and is not the same species as the Aphanizomenon 
flos-aquae in Upper Klamath Lake.  (Carmichael, W. W., Renhui Li, Yongding Lui and Makoto M. 
Watanabe, “Taxonomic re-evaluation of Aphanizomenon flos-aquae NH-5 based on morphology and 16S 
rRNA gene sequences,” Hydrobiologia, 438 (2000): p. 99-105.) 
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Foott cited clinical data from moribund suckers collected during the late summer/fall 
mortality events. There was a high incidence of Columnaris disease, external parasites 
such as Lernaea, hypoproteinemia (a condition where protein levels in the plasma are 
low) causing a loss of osmotic control from epidermal lesions, elevated blood neutrophil 
and acute phase plasma proteins, and protein leakage into the kidney tubules. He also 
listed the factors that influence the spread of Columnaris disease, the bacterial infection 
of Flavobacterium columnare, in the fish populations: the aggregation of adult fish 
increases the transmission of pathogens, epidermal lesions caused by ectoparasites 
become portals for bacterial infections, and the external parasite load may increase with 
time during the summer.  
 
Foott noted in a 2004 study of juvenile suckers, both triglyceride levels and muscle 
growth (RNA:DNA ratio of white muscle) declined sharply in suckers captured in 
September. The factors involved in these observations as well as the implication for over-
winter survival need to be further investigated. 
 
After reviewing several different research studies of fish health and diseases, Foott 
summarized that despite water temperatures conducive to Columnaris beginning in late 
May, it is significant that diseased fish are found during periods of poor water quality in 
late summer (July through September). It is likely that chronic stress from elevated pH, 
un-ionized ammonia, algal toxins, and periods of low dissolved oxygen following bloom 
crash acts caused the fish to be vulnerable to Columnaris. He also noted two other 
possible factors: the increased fish-to-fish transmission when suckers congregate near 
springs during algal blooms, and increased risk of skin infections posed by ectoparasite 
damage.  
 
Foott concluded that while infectious disease plays a role in adult fish mortality, multiple 
stress factors (low dissolved oxygen, high pH, high ammonia, and pathogen infections) 
are probably necessary for the fish die-offs that have been observed. The role of 
infectious disease in juvenile survival has not been assessed, but could be a factor 
affecting poor recruitment. 
 
 

 
 

Lab Studies of Fathead Minnow Predation upon Endangered 
Suckers 

 
Larry Dunsmoor, The Klamath Tribes Natural Resources Department, Chiloquin, Oregon 
 
 
Larry Dunsmoor presented the results of laboratory studies of fathead minnow predation 
on sucker larvae conducted by the Natural Resources Department of The Klamath Tribes 
in 1990.  
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Study Background 
 
Dunsmoor noted that in Upper Klamath Lake, emergent vegetative habitats are heavily 
used by larval suckers. These habitats are dewatered rapidly as lake levels decline in the 
summer months; this likely has effects beyond impacts to larval suckers. Recent work has 
shown substantial use of these same emergent habitats by juvenile suckers as well, likely 
because it is cover from their predators. Dunsmoor remarked that these same shoreline 
habitats support large populations of non-native fathead minnows. These minnows have 
become one of the most abundant fish in Upper Klamath Lake since their introduction in 
the 1970s. It is hypothesized that fathead minnows prey on sucker larvae, and this 
laboratory study was initiated to test this hypothesis. 
 
Study 
 
For this study, 681-liter tanks were used to test water depth and cover as factors in 
fathead minnow predation on Lost River and shortnose sucker larvae.  

• Water depth was tested at two levels: 0.3 meters = shallow; 0.6 meters = deep. 
• Cover was tested by the presence or absence of 55 weighted Scirpus stems/green 

dowels in 0.5-meter diameter circle. 
 
Ten larvae were placed in each tank. The larvae used were shortnose sucker larvae 17 to 
35 days old and Lost River sucker larvae 12 to 45 days old. After one hour, 20 fathead 
minnows were added to each tank. The minnows were collected from Hagelstein Park on 
the east side of Upper Klamath Lake, and starved for 24 hours prior to the experiment. 
 
Results 
 
Dunsmoor provided tables and graphs representing the results of this experiment. The 
findings revealed: 

• Survival for shortnose and Lost River sucker larvae were similar; 
• Deep water tanks had better survival of larvae than the shallow water tanks; 
• Shallow water tanks with the cover structure present had higher larvae survival of 

both species than shallow water tanks without cover. 
 
Dunsmoor concluded that the lab studies have shown fathead minnows to be predatory on 
sucker larvae; greater water depth and the presence of structure (cover) both significantly 
decreased fathead minnow predation on larval suckers. The next step for further study 
would be to test this lab experiment in the field. 
 
Additional Questions and Discussion 
 
A question was asked about sucker larvae use of “ultra-shallow” water in Upper Klamath 
Lake. Dunsmoor responded that water only 2 inches deep can be cover for larvae also. 
John Crandall (TNC) also confirmed that, even though near shore 2-inch water is not 
natural habitat for larvae, it can be good habitat. 
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A panel member questioned if fathead minnows are a risk factor in recruitment for the 
suckers. Doug Markle (OSU) responded that in years when there are more fathead 
minnows, they have found fewer sucker larvae. When sampling with a larval trawl, they 
have caught juvenile and adult fathead minnows. They observed that the two years with 
the highest fathead minnow abundance were also the two years of highest sucker larvae 
loss.
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SECTION 6 
Habitat Restoration 

 
 

 Section Summary 

 Restoring Lake and Riverine Fringe Wetlands at the 
Williamson River Delta; John Crandall, The Nature 
Conservancy 

 Sprague River—Existing Conditions and Enhancement 
Needs; Larry Dunsmoor, The Klamath Tribes 

 Restoration in Response to Listing Factors; Dave Ross, 
USFWS; Jim Regan-Vienop and Cliff Fox, NRCS; Danette 
Watson, Klamath Watershed Council 

 Upper Klamath Basin Fish Passage Recovery Activities; 
Rich Piaskowski, US Bureau of Reclamation 

 Water Quality Improvements on Bureau of Land 
Management Lands in the Upper Klamath Basin; Andy 
Hamilton and Liz Berger, BLM 

 Oregon State Government Responsibilities in Water Quality 
Protection and Restoring Water Quality; Tim Stevenson, 
Oregon Department of Agriculture 

 Water Quality on National Forest Service Lands Relating to 
Endangered Suckers in the Upper Klamath Basin; Dave 
Pawelek, Fremont-Winema National Forest 

 
 

 
Summary 

 
There have been and currently are many restoration projects in the Upper 
Klamath Basin to improve water quality and habitat availability for the 
Lost River and shortnose suckers. Included in this section are reports of a 
series of presentations made to the ISRP as part of their effort to assess the 
status of the Lost River and shortnose suckers.  
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These restoration efforts are on both private and public lands, in 
partnership with both private organizations and public agencies, and 
funded with both private and public monies. The organizations and 
agencies that participated in these presentations include: The Nature 
Conservancy (TNC), The Klamath Tribes, The Klamath Watershed 
Council, Oregon Department of Agriculture (ODA), the Bureau of Land 
Management (BLM), US Bureau of Reclamation (USBR), The Ecosystem 
Restoration Office of the US Fish and Wildlife Service (USFWS-ERO), 
the Natural Resources Conservation Service of the US Department of 
Agriculture (USDA-NRCS) and the Fremont-Winema National Forest of 
the US Forest Service. 
 
The Nature Conservancy is working with several private and public 
agency partners to restore the Williamson River Delta and Upper Klamath 
Lake fringe emergent marsh, as well as reestablish hydrologic connectivity 
between the river, lake and marsh habitats. TNC acquired two farms on 
the northern border of Upper Klamath Lake with these restoration goals, 
which will also provide habitat for the native fish community, including 
endangered suckers. These restoration efforts have achieved some success 
and monitoring will be expanded to quantify fish usage in the restored 
properties. Full restoration is several years away. 
 
The Klamath Tribes have been monitoring water quality on the Sprague 
and Sycan Rivers since March of 2001. The Sprague River is regarded as 
the primary source of degraded water to Upper Klamath Lake. The Tribes 
are collecting data on water temperature, pH, suspended sediment loads 
and chemical/nutrient levels of phosphorus, nitrogen, ammonia, nitrates 
and chloride. This is an effort to establish baseline conditions to evaluate 
the effectiveness of the restoration activities in the Sprague River Valley 
at improving water quality. In November 2004, The Tribes also conducted 
a LiDAR Survey of the Sprague River to provide a geomorphic and 
hydrologic assessment of the river to locate active restoration 
opportunities reach by reach. 
 
The USFWS-ERO, USDA-NRCS, and The Klamath Watershed Council 
have partnered on many different restoration projects on private lands in 
the Upper Klamath Basin to address the different threats to the ESA-listed 
Lost River and shortnose suckers. They provided an overview of many of 
their projects, the specific listing issues the projects addressed and the 
trends or outcomes of those projects. These agencies are also in the 
process of monitoring and assessing the projects’ effectiveness. 
 
The Bureau of Land Management manages 215,000 acres in Klamath 
County. They reported on their restoration projects and water quality 
improvements in the Upper Klamath Basin, including habitat restoration 
on the Wood River Wetlands on Agency Lake, western juniper 
management efforts in the Gerber Reservoir area to increase water 
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availability, fish passage projects, the Water Quality Restoration Plan, and 
the FERC relicensing process for the Klamath River hydropower projects. 
 
The US Bureau of Reclamation reported on their projects to facilitate fish 
passage in the Upper Klamath Basin. These projects included the A-Canal 
fish screen, the Link River Dam fish ladder, the Agency Lake Ranch fish 
screen, the Chiloquin Dam fish passage study, and the Klamath Fish 
Passage Technical Committee. 
 
A representative from the Oregon Department of Agriculture explained 
the ODA water quality compliance evaluation and resolution process. He 
also outlined the state of Oregon’s Klamath Basin water quality rules, 
which focus on passive restoration, riparian vegetation on an upward trend 
toward PFC (proper functioning condition) criteria, and ensuring that no 
agricultural waste is allowed to go where it is likely to enter state waters. 
 
The Fremont-Winema National Forest has several water quality 
improvement projects completed, ongoing or planned for implementation. 
They also have monitoring programs to evaluate the effectiveness of the 
restoration programs, grazing program compliance, Biological Opinion 
compliance and fish surveys. 
 
Many panel questions and discussion centered on monitoring to evaluate 
the effectiveness of these habitat restoration projects. There was some 
frustration that although there are many restoration projects either 
completed or ongoing in the Upper Basin it is difficult to measure their 
success.  There is a huge area to be covered, projects are not contiguous, 
and historically there have been inadequate funds for monitoring. 

 
 

 
 

Restoring Lake and River Fringe Wetlands at the 
Williamson River Delta 

 
John Crandall, The Nature Conservancy, Klamath Falls, Oregon 

 
 
The Nature Conservancy (TNC) purchased Tulana Farm in 1996 and Goose Bay Farm in 
1998. Both farms border the north end of Upper Klamath Lake and the Williamson River.  
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Restoration Goals and Objectives 
 
Crandall outlined TNC’s goals and objectives for these lands and river reach: 

• Restore the river and lake fringe emergent marsh, willow and wet prairie 
communities; 

• Restore hydrologic connectivity between the river, lake and marsh habitats; 
• Provide habitat for the endangered suckers and the native fish community; 
• Create a diversity of wildlife habitat; 
• Assist with improvements in lake water quality, if possible. 

 
Crandall acknowledged that TNC has had several partners in this restoration effort. Some 
of those partners include the National Fish and Wildlife Foundation, The Klamath Tribes, 
US Bureau of Reclamation, Oregon State University, Oregon Department of Fish and 
Wildlife, USDA-Natural Resources Conservation Service, PacifiCorp and CellTech. 
Funding for fish monitoring on the properties was granted by the USFWS’s Klamath 
Basin Ecosystem Restoration Office. 
 
TNC’s early projects on these properties included:  

• Levee breaching;  
• Water and land management: water is not pumped into the lake but remains on the 

land which has subsided soils about six feet below the lake elevation; 
• Monitoring and evaluation: monthly water quality monitoring, vegetation 

sampling, fish monitoring, and nutrient release (initial spring pulse) monitoring. 
 
Levee Breaching 
 
John Crandall provided an overview of the several restoration projects that have taken 
place on these properties to date. One of these is levee breaching to produce connectivity 
between the lake or river and the restored marshes. The breaches were strategically 
located to allow the most flow and to avoid flow stagnation areas. Breaches were limited 
to segments up to 250 meters long, and interior levee breaches were located at areas of 
low floodplain topography. 
 
There are three levee breaching areas:  

• Campfields Restoration Area on the southeast side of Agency Lake: four levee 
breaches were made in Fall 2000 that wetted 110 hectares. In May 2004 and 2005 
sucker larvae (>17 mm, 40-60 days old) were observed in this area. There are 
some problems, as the northwest winds across Agency Lake fill the breaches with 
sediment that now require excavation to be effective. 

• South Marsh Restoration Area at the north end of Upper Klamath Lake, east of 
the Williamson River mouth: two levee breaches in 2003 and two additional 
breaches in 2004 with a total wetted area of 100 hectares. Connectivity was 
restored in Fall 2003. Sucker larvae and juveniles were observed in this area 
beginning in April 2004 and 2005. The fish community here is more typical of a 
lake than a river with a diverse assemblage of species. 
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• Riverbend Restoration Area on the Williamson River: in Fall 2000, 1200 meters 
of levee were removed to wet an area of 11 hectares. Monitoring of this area since 
2002 has yielded sucker larvae, juveniles, and sub-adults. The vegetative response 
has been very strong and largely voluntary. 

 
John Crandall provided graphs of the different monitoring data that has been collected 
from these restoration areas. He also noted that these areas are providing habitat options 
for sucker larvae, especially in the early spring when the lake is rough. 
 
He emphasized that the restoration of these properties is important to the recovery of the 
endangered shortnose and Lost River suckers. The restoration is increasing the available 
habitat for larval and juvenile rearing, especially the shallow near-shore habitat with 
access to deeper water. Restoration also provides options for transient and rearing larvae, 
as well as a diversity of habitats and micro-habitats that may accelerate sucker growth 
rate and survivorship. 
 
Additional Comments and Questions 
 
Crandall was asked if TNC will be expanding its monitoring to quantify fish usage in 
these restored areas. He responded that they will continue monitoring, and as new areas 
are developed they plan to implement intensive studies in collaboration with other 
groups. 
 
 

 
 
Sprague River: Existing Conditions and Enhancement Needs 

 
Larry Dunsmoor, The Klamath Tribes Natural Resources Department, Chiloquin, Oregon 

 
 

Larry Dunsmoor provided the panel with an overview of the Sprague River Water 
Quality Monitoring Project, and the river restoration needed to improve water quality in 
the Sprague.  The Klamath Tribes started monitoring water quality in the Sprague River 
in March 2001. They have several monitoring sites along the mainstem of the river, the 
North and South Forks of the Sprague River, and a tributary site on the Sycan River. 
 
The Sprague River has been identified as the largest source for external phosphorus 
loading in Upper Klamath Lake, and phosphorus has been linked to the increase in algal 
blooms and poor water quality in Upper Klamath Lake. Dunsmoor cited information 
from the 2002 Oregon Department of Environmental Quality Upper Klamath Lake 
Drainage Total Maximum Daily Load (TMDL) and Water Quality Management Plan. He 
also reinforced that in order to reduce the total phosphorus in the river, the suspended 
solids and sediment loading needs to be reduced.  
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Dunsmoor remarked that, with the private landowners’ cooperation, there need to be 
changes in the management of the Sprague River that will restore the river system to 
better function, allow riparian plant communities to grow, and also allow properly 
managed cattle grazing. 
 
Dunsmoor also provided water temperature data collected from the monitoring sites. Data 
showed wide daily July temperature swings (e.g., 14°C-24°C) in the mainstem of the 
Sprague River as well as the South Fork. He added that, if agriculture in the Sprague 
River Valley could greatly reduce its use of groundwater for irrigation, that would allow 
the artesian aquifer to recover and increase cold groundwater inflow into the Sprague 
River.  A cooler river would benefit redband trout. 
 
Dunsmoor also presented some slides from a LiDAR survey that was conducted along the 
Sprague River in November 2004. This survey provides a geomorphic and hydrologic 
assessment of the river for active restoration opportunities reach by reach. 
 
 

 
 

Restoration in Response to Listing Factors 
 

Dave Ross, US Fish and Wildlife Service Ecosystem Restoration Office, Klamath  
Falls, Oregon; with Jim Regan-Vienop and Cliff Fox, US Department of  

Agriculture, Natural Resources Conservation Service, Klamath Falls, Oregon;  
Danette Watson, Klamath Watershed Council Coordinator, Klamath Falls, Oregon 

 
 
Dave Ross provided an overview of the many restoration and habitat improvement 
projects the USFWS-ERO, USDA-NRCS, and Klamath Watershed Council have 
participated in to address the different threats to the ESA-listed Lost River suckers and 
shortnose suckers in the Upper Klamath Basin. The chart below details those programs, 
the threat factors they address, the types of projects implemented, and the trends they are 
seeing.   
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Threat/ 
Listing 
Factor 

Programs That  
Address Threat 

Specific Issues 
Addressed 

Types of 
Projects 

Addressing 
Threat 

Trends and 
Issues of 

Note 
Loss of springs OWEB Restoration 

Grants and Small 
Grants 

Culvert failure/ reduced flows 
Juniper encroachment 

Road drainage improvements  
Juniper management 

Agreements 

Loss of springs NRCS Juniper encroachment Juniper removal Agreements 
Loss of springs USFWS  

Hatfield/ Partners 
Decreased flows  
Grazing impacts 
Decreased spawning potential 

Juniper removal 
Riparian fencing 
Spring restoration  

3 springs restored 
Several other 

planned  
Agreements/ 

Easements 
Decreases in 

Water Quality 
NRCS/FSA 

Conservation Reserve 
Program (CRP)  

Increases in sediment and nutrients 
due to stream bank erosion 

Forested riparian buffers  
Grass filter strips 
Livestock exclusion 
Stream bank protection  
Off-site watering  

10-15 year 
agreement with 
annual payments 

Decreases in 
Water Quality 

USFWS Hatfield/ 
Partners 

Increases in sediment/ nutrients due 
to stream bank erosion 

Riparian fencing and vegetation 
planting 

Reestablish wetlands 
Bank bioengineering 

Agreements  

Decreases in 
Water Quality 

OWEB Restoration 
Grants 

Upland erosion  
Grazing mgmt Riparian area 

management 
Channel and bank alterations 

Water/sediment control basins 
Riparian fencing and vegetation 

planting 
Reestablish wetlands 
Bank bioengineering 

Agreements and 
Easements 

Habitat 
Unprotected 

NRCS WRP 
Wetland Reserve 
Program  

Landowners unable to remain whole 
while giving up production to meet 
restoration needs 

Wetland restoration                    
Conservation buffers 
High value wetland/ wildlife 

easements   

10 or 30 years or 
permanent one 
time up-front 
payment 
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Threat/ 
Listing 
Factor 

Programs That  
Address Threat 

Types of Trends and Specific Issues Projects Issues of Addressed Addressing Note Threat 
Habitat 

Unprotected 
FSA/SWCD  CREP  

Conservation Reserve 
Enhancement Program 

Provides assistance to landowners in 
fencing off riparian areas and 
restoration of those areas 

Land retirement programs 10-15 year 
agreement 

Habitat 
Unprotected 

Hatfield/ Partners 
OWEB programs 

No landowner mechanisms Restoration programs Agreements and 
Easements 

Habitat 
Unprotected 

 

Non-profit Programs Provides landowner incentive and 
financial stability  

Wetland easements  
Riparian easements  

E.g., Yainix Ranch  

Blue-Green 
Algae Blooms 

OWEB/ERO  
Restoration Grants 

Nutrient loading 
Water temperature 

Wetland construction 
Irrigation efficiency 
Tailwater recovery 
Off-site watering 

E.g., Collins 
Wetland; 

Lakeside Farms  
Wetland 

Blue-Green 
Algae Blooms 

NRCS  Wetland Reserve 
Program  (WRP)  and 
Wildlife Habitat 
Incentives Program 
(WHIP) 

Nutrient loading  Stream bank restoration 
Riparian fencing 

10 or 30 years or 
permanent one 
time up-front 
payment (WRP) 
5-15 year 
agreement 
(WHIP) 

Blue-Green 
Algae Blooms 

NRCS 
Klamath EQIP 

Nutrient loading Uncontrolled flood irrigation 
convert to non-irrigated pasture 

Tailwater recovery systems  
Uncontrolled flood converted to 

sprinkler system 

Landowner 
agreement 

Blue-Green 
Algae Blooms 

NRCS 
CREP Program 

Nutrient loading Riparian fencing and vegetation 
planting 

10-15 year 
agreement 

Die-off during 
hot or dry 
years 

OWEB/ERO Restoration 
Grants 

Cooler water habitat    Off-channel habitat creation    
Irrigation efficiency projects  
Wetland and Stream Restoration 

Landowner, 
Interagency 
Agreements  
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Threat/ 
Listing 
Factor 

Programs That  
Address Threat 

Specific Issues 
Addressed 

Types of 
Projects 

Addressing 
Threat 

Trends and 
Issues of 

Note 
Die-off during 

hot or dry 
years 

NRCS 
Wetland Reserve 
Program  (WRP) 

Cooler water habitat    Off-channel habitat creation 10 or 30 years or 
permanent one 
time up-front 
payment 

Pollution of 
UKL and low 
flows caused 
by diversions 

OWEB  
Restoration Grants 

Increased flows/less demand Land and water acquisitions 
Irrigation efficiency projects 

 

Pollution of 
UKL and low 
flows caused 
by diversions 

 USDA Forest Service Forest impacts on the watershed Reconnecting streams  

Pollution of 
UKL and low 
flows caused 
by diversions 

USFWS Hatfield 
/Partners 

Increased flows/less demand Irrigation improvements;  
Stream reconnections; 
Wetland restoration 

 

Pollution of 
UKL and low 
flows caused 
by diversions 

NRCS/FSA Klamath 
Environmental Quality 
Incentives Program 
(EQIP) 

Reduced demand for irrigation water; 
Increase in-stream flows 

Irrigation improvements;  
Stream reconnections; 
Wetland restoration 
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Monitoring and Assessment Projects 
 
Dave Ross noted that it is difficult to evaluate progress without monitoring, and yet, 
because of limited funds, the USFWS-ERO has historically focused on getting projects 
on the ground. As a result of a significant budget increase in 2005, they have been able to 
initiate a comprehensive monitoring program.   
 
The Upper Basin Watershed Assessment is another project in progress with funding by 
the USFWS-ERO and the Oregon Watershed Enhancement Board (OWEB). This 
assessment will evaluate the overall health of the basin, characterize historical and 
existing conditions of the watershed, and identify and prioritize restoration opportunities. 
 
The NRCS is in the process of a Conservation Effects Assessment Project (CEAP). 
Through this assessment project the NRCS will learn how conservation practices affect 
stream flows, surface- and groundwater availability. It will also determine how water 
movement impacts water quality and will provide involvement from landowners. 
 
Additional Comments and Discussion 
 
The presenters were asked about our progress in the overall restoration of habitat in the 
Upper Klamath Basin. It is difficult to determine before the Watershed Assessments are 
complete, but it is clear positive steps are being taken. 
 
Mark Buettner (USFWS) stated that a lot of restoration work has been done, but there has 
been little baseline data collected or monitoring completed. Long-term monitoring will 
give a picture of the work accomplished, for example, a baseline for fish populations in 
the Sprague River with a multi-year program to track changes over time. The challenge 
again is the size of the area to monitor and limited funds. 
 
Dave Ross added that funding for monitoring and restoration is a big challenge that needs 
support from the public. He also suggests we think more creatively, for example 
considering screens on diversions as restoration, and tying landowners’ habitat 
restoration work to water rights. The USFWS is working on developing a formal 
conservation easement program to offer a variety of easement options to landowners.  He 
emphasized that the USFWS prefers to focus on restoration rather than the regulatory 
“hammers” available to them, and is dedicated to protecting landowners who participate 
in restoration. 
 
The question was raised whether the assessments are going to tell us what we have 
accomplished in restoration, not only the number of projects but actual results achieved. 
We also want to be able to develop realistic expectations:  Will we be able to impact 
water quality in, say, five or ten years? Dave Ross responded that, in addition to 
monitoring, the agencies need more scientific information, such as what amount of 
restoration is needed to make a difference in water quality, and how much improvement 
in water quality and habitat is necessary to impact the suckers.  He is hopeful that the 
Science Team for the Recovery Plan will be able to make these kinds of determinations. 
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Another question posed to the presenters was - what percentage of restoration has been 
accomplished? Danette Watson of the Klamath Watershed Council responded that with 
the discontinuous restoration work, e.g., along the Sprague River, it is difficult to realize 
results.  She guessed that perhaps 2% of necessary restoration has been achieved.  Other 
panel members speculated that it may be higher than that, although there is a clear time 
lag between project implementation and realizing desired results.  For example, 
significant restoration efforts will be required to achieve water quality improvement on 
the Sprague, and it will take considerably more time for that to improve the water quality 
in Upper Klamath Lake. 
 
 

 
 

Upper Klamath Basin Fish Passage Recovery Activities 
 

Rich Piaskowski (for Chuck Korson), US Bureau of Reclamation,  
Klamath Basin Area Office, Mid-Pacific Region 

 
 
Rich Piaskowski provided an overview of the USBR’s projects to facilitate fish passage. 
These projects will benefit the endangered Lost River and shortnose suckers by reducing 
juvenile and adult sucker entrainment at large Klamath Project diversions, and helping 
restore habitat connectivity by reducing passage barriers over federal and private dams. 
 
USBR’s major projects in the Upper Klamath Basin include: 

• The A-Canal Fish Screen - constructed from October 2002 through April 2003. 
This screen is a vertical flat-plate vee-screen system with a pump station, fish 
evaluation station, and automated head gate. It has a primary pump bypass to send 
fish back to Upper Klamath Lake and a secondary gravity bypass to route fish into 
the Link River below the dam. The screen is effective as designed to divert 
juvenile fish back to Upper Klamath Lake. Biological monitoring activities been 
initiated and long-term monitoring is planned. Cost: $15 million.   

• Link River Dam Fish Ladder - constructed July 2004 through December 2004. 
It has state-of-the-art vertical slot ladder structure with a low gradient design 
(slope of 4.5% over 360 ft.) to facilitate passage for multiple species. It has three 
runs with two 180° bends and a maximum water velocity of 5 cfs. Shortnose 
suckers have been observed passing through the ladder. Monitoring use of the 
ladder by all species is planned. Cost: $3.0 million. 

• Chiloquin Dam Fish Passage Study - underway since 2002. The 2003 Chiloquin 
Dam Fish Passage Study listed four alternatives. The collaborators’ preference 
was for complete dam removal with a pumping plant to provide irrigation water 
for Modoc Point Irrigation District. NEPA was completed in April 2005 with a 
proposed action of dam removal and construction of a pumping plant for MPID. 
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Proposed construction of the Williamson River pumping plant/fish screen to start 
Fall 2005 through Summer 2006 and dam decommissioning in Fall 2006. 

• Agency Lake Ranch Fish Screen - USBR acquired the ranch at the north end of 
Upper Klamath Lake in 1998 and installed a submerged screen with air burst 
system. Cost: $0.5 million. 

• Klamath Fish Passage Technical Committee - prioritizes other water diversion 
sites for screening or fish passage, provides technical assistance to irrigation 
districts and other water users, and conducts monitoring to assess magnitude of 
entrainment at Klamath Project diversions. 

 
 

 
 
Water Quality Improvements on Bureau of Land Management 

Lands in the Upper Klamath Basin 
Andy Hamilton and Liz Berger, BLM - Klamath Falls Resource Area 

 
 
The Bureau of Land Management (BLM) in the Klamath Falls Resource Area manages 
215,000 acres throughout Klamath County. It is a scattered management pattern with 
some specific restoration areas: Wood River and Four Mile Creek area, the Klamath 
River below Keno Dam to below J.C. Boyle Dam, and the Gerber Block. 
 
Wood River Wetlands 
 
Andy Hamilton addressed the restoration work the BLM is doing on the Wood River 
Wetlands.  It is located at the north end of Agency Lake, and includes the delta and last 
reach of the Wood River. The BLM acquired this property in 1997. They have restored 
the river by narrowing and deepening the channel, added meanders which lengthened the 
river by 0.7 miles, restored riparian vegetation and river wetlands, and restored sucker 
habitat. They are monitoring river water temperature, which has shown a reduced rate of 
warming since restoration, as well as vegetation plots and nutrient loads in the interior 
wetlands. Sucker larvae have been observed using the river wetlands since July 2003. 
 
Gerber Block 
 
Juniper Management 
Hamilton stated that the Gerber Block area is characterized by shallow soils with clay pan 
underneath, dry summers and western juniper encroachment. The BLM started managing 
the juniper by applying mechanical, manual, and/or fire treatments to reduce the density 
of the encroaching western juniper. This was done in order to meet range, wildlife, fuels, 
and/or riparian objectives. This juniper treatment will lead to increased water availability 
for nearby shrubs and grasses, though the effects on stream flow and water yield are 
uncertain. 
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Since the treatments began in 1995, juniper removal has been completed on a total of 
12,000 acres. The BLM has also targeted juniper treatments near springs and riparian 
zones to determine the effects of juniper removal for water yields. 
 
Fish Passage 
The BLM also completed a fish passage project in 2003 where a migration barrier was 
removed in a sucker and redband trout spawning tributary of Gerber Reservoir. The old 
road crossing was flat, with no fish passage at low flow. The new crossing is U-shaped, 
constructed of flexible concrete and anchored to the creek bottom. 
 
Other Restoration Projects 
Andy Hamilton reviewed other projects the BLM has completed: 

• Range and Grazing Management: the Hayden Creek riparian exclosure and the 
Pitchlog Creek riparian exclosure which exclude cattle from creek beds and 
banks; 

• Gerber/Willow Valley Road Inventory: an effort to obtain an accurate and 
complete map of roads within the watershed to determine which road segments 
are most likely to contribute runoff and sediment to stream network and prioritize 
restoration projects; 

• Upper Miller Creek Screw-trap Monitoring: the outflow for Gerber Reservoir; 
there have not been many suckers observed, but there is some entrainment; 

• Gerber Sucker Spawning Monitoring: collecting data on sucker distribution and 
abundance. 

 
Water Quality Restoration Plan 
 
Liz Berger provided information on the BLM’s watershed management. The key 
elements for implementation identified under the Clean Water Act include: 

• 303(d) Listed Waterbodies: the Klamath Falls Resource Area has 32 miles of 
streams that fall below state water quality standards, including 15 miles of the 
Klamath River; most of the listings are for high summer water temperature; 

• Develop TMDLs on a watershed basis: in cooperation with Oregon Department of 
Environmental Quality and US Forest Service the BLM is determining “load 
allocation” for non-point source pollutants;  

• Water Quality Restoration Plans: management of BLM lands (especially riparian 
areas) in a manner consistent with water quality restoration and monitor water 
quality conditions; the BLM has collected cross-section data, water temperature, 
shade data, and riparian mapping data (riparian areas, ecological types and status). 

 
To achieve some of these restoration objectives to restore vegetation communities in 
degraded riparian areas, the BLM entered into an agreement with the Oregon Department 
of Environment Quality.  The DEQ tolerates “short-term degradation of existing water 
quality as a result of activities that are intended to restore the geomorphology or riparian 
vegetation of a water body . . . so long as DEQ determines that there is a net ecological 
benefit to the restoration activity.” 
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The BLM is using various juniper treatments in different 20-acre blocks and monitoring 
the effects of these treatments. Monitoring consists of photo points, riparian vegetation 
plots, and shade evaluation.   
 
Klamath River and Federal Energy Regulatory Commission (FERC) 
 
The BLM is a cooperating agency in the FERC relicensing process for the Klamath River 
hydropower projects, and has some input regarding river flows and fish passage.  
Regarding the J.C. Boyle Dam fish ladder, Hamilton noted the ladder was built according 
to 1958 criteria for resident fish passage. In actuality, fish passage declined rapidly after 
its installation. This ladder does not meet current state or federal criteria as they relate to 
resident or anadromous fish. The ladder is undersized and too steep, and has unfavorable 
approach/entrance hydraulics. The entrance needs to be relocated near the spillway. Also, 
the Fish and Wildlife Service is considering the need for sucker passage at this dam. 
 
 

 
 

Oregon State Government Responsibilities in Water Quality 
Protection and Restoring Water Quality 

 
Tim Stevenson, Oregon Department of Agriculture 

 
 
Tim Stevenson reviewed for the panel members the Oregon Department of Agriculture 
(ODA) water quality compliance evaluation and resolution process. He stated that the 
ODA was legislated to develop water quality plans for the state. It also has mandates 
from the State Legislature to protect the food supply, protect the natural resources that 
agriculture and the public rely on, and protect and enhance the $3.8 billion per year 
agriculture industry. The Department wants to implement this plan in a way that will 
benefit the agricultural industry as well as water quality. 
 
Stevenson cited the Oregon Administrative Rules for implementing the Water Quality 
Program: 

“It is the policy of ODA that: 
. . . enforcement action be pursued only when reasonable attempts at voluntary 
solutions have failed; and 
. . . measures required of individual farm operators . . . provide as much flexibility 
to the operator as reasonably possible.” 
 

The basic elements of the State of Oregon’s Klamath Basin Water Quality Program are 
• Implement passive restoration; 
• Control what is controllable; 
• Decrease erosion from uplands ≤ T (NRCS); 
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• Riparian vegetation must trend upwards toward Proper Functioning Condition 
(PFC) criteria, e.g., wetland and riparian plants in different life stages and bank 
stability; 

• No waste is placed where it is likely to enter waters of the state to cause pollution. 
 
Stevenson explained the steps in the ODA compliance process starting from when the 
Department receives a written complaint to resolution or enforcement actions. ODA does 
little routine compliance monitoring because time is essential with many violations. 
There is a point when non-compliance is an issue and penalties or some enforcement 
action is taken. 
 
 

 
 

Water Quality on National Forest Service Lands Relating to 
Endangered Suckers in the Upper Klamath Basin 

 
Dave Pawelek, Fremont-Winema National Forest, Lakeview, Oregon 

 
 
Dave Pawelek provided an overview of the Fremont-Winema National Forest (FWNF) 
water quality management strategies, improvement goals, policies and projects. He 
identified the types of water quality improvement projects the Forest Service has been 
targeting:   

• Road system management;  
• Riparian fencing;  
• Spring protection;  
• Range allotment fences;  
• Meadow restoration;  
• Timber stand improvements;  
• Riparian vegetation planting;  
• Aquatic habitat restoration;  
• Ditch and diversion improvements (planned for the future) 
 

Since 2000, the FWNF has completed more than 28 projects that benefit water quality in 
the Upper Klamath Basin, with total expenditures exceeding $522,000.  Funding has 
come from the Resource Advisory Committee (RAC), the CCS with USFWS-ERO, the 
Rocky Mountain Elk Foundation, the Oregon Hunters’ Association, the Oregon 
Department of Fish and Wildlife, as well as the USFS.  Projects implemented restoration 
of 690 riparian and upland acres, 16 stream miles, and 102 improved/obliterated/blocked 
road miles. 
 
The FWNF also has monitoring programs to evaluate: 
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• Implementation of riparian vegetation conditions to ensure grazing program and 
Biological Opinion compliance; 

• Improvement of stream channel condition and wetland restoration; 
• Effectiveness of riparian vegetation conditions; 
• Effectiveness of stream channel conditions and wetland restoration; 
• Effectiveness monitoring of stream temperature for 303(d) Clean Water Act-listed 

streams. 
  
Additional Comments and Discussion 
 
The FWNF is also conducting fish surveys in cooperation with Oregon Department of 
Fish and Wildlife, specifically Bull trout surveys and Brook trout removal. 
 
Pawelek was asked if there were any limiting factors for long-term restoration work on 
the FWNF. Because of a declining budget and severely reduced personnel, he has had to 
prioritize watersheds and focus only on the most urgent restoration work.  Much more 
needs to be done. 
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SECTION 7 
Evaluating the Threats 

 
 

 Section Summary 

 Facilitated Discussion:  Evaluating the Threats to the Lost 
River and Shortnose Suckers 

 
 

Summary 
 
This section contains the discussion by members of the ISRP regarding the 
threats to the endangered suckers at the time of the ESA listing, whether 
those threats are still present today, and whether there are new threats. The 
panel considered conditions in both the Upper Klamath Lake and Lost 
River subbasin. 
 
The one threat that the entire panel agreed had been removed in both 
subbasins is the over-utilization of the species, since the sport fishery for 
suckers was closed in 1987.  
 
Upper Klamath Subbasin 
 
Regarding the habitat conditions in Upper Klamath Basin overall, most 
panel members believed there has been some improvement in the sucker 
habitat, though there has not been enough to make a significant 
improvement in the recruitment of Lost River and shortnose suckers. Also, 
there are continued losses from die-offs in the lake, which are a serious 
limiting factor on the adult sucker populations. Poor water quality in 
Upper Klamath Lake is considered by many panel members to be the 
single greatest threat to the adult suckers. It appears the algal bloom has a 
chronic effect on water quality, but the bloom dynamics, life cycle, and 
precipitators of the bloom crash are not fully understood. Some panel 
members acknowledged that managing the elevation of Upper Klamath 
Lake is a factor that needs to be addressed. Disease and parasites are still 
considered threats to the listed suckers, and exotic fishes have been 
confirmed as a threat by more data since the ESA listing. Hybridization in 
the sucker populations of Upper Klamath Lake does not appear to be as 
critical a threat as it did at the time of listing. 
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Lost River Subbasin 
 
In the Lost River subbasin there has been improvement in habitat 
conditions overall, except in Tule Lake where the habitat is continuing a 
downward trend and there has not been substantial recruitment of Lost 
River and shortnose suckers. A die-off in Tule Lake could eliminate the 
sucker populations there. Die-offs in the Lost River system have not 
decreased in frequency and are still a threat to the sucker species. There is 
a lack of information about predation and diseases in the Lost River 
system, but exotic species are still considered a threat to the suckers. 
Regarding pollution and low inflows for the Lost River system, some 
members believe that there have been no changes, while others noted that 
there have been some improvements. Hybridization, especially in 
shortnose suckers, is a factor and could still be a threat to the sucker 
population. 
 
For the entire Upper Klamath Basin, some panel members noted that 
climate change and human population growth are new factors that could 
pose future threats to the sucker populations.  
 
With respect to the ESA listing overall, several panel members expressed 
their frustration with the inadequacy of existing regulations and the lack of 
enforcement or inconsistent enforcement of those regulations. The panel 
members involved in this discussion believed that the ESA listing status of 
the Lost River and shortnose suckers should remain as endangered. 

 
 

 
 

Facilitated Discussion:  Evaluating the Threats 
to the Lost River and Shortnose Suckers 

 
During the final workshop of the ISRP, panel members were asked for their opinion of 
the status of the Lost River and shortnose suckers. The panel was provided a matrix with 
the five listing factors or threats and facilitator, Terry Morton, lead them through each 
factor in the matrix (see Appendix D). The matrix was based on information on threats 
that were in the original 1988 listing for the two sucker species and published in the 
Federal Register.  Panel members were asked whether the threats at the time of listing are 
still present, and whether there are any new threats. 
 
Concerns were raised by some panel members about the lack of attention given to the 
Lost River system in this Review process. After a short discussion it was decided to 
include the Lost River system in this evaluation of the listing factors. Mark Buettner from 
USFWS provided panel members with a white paper on the “Contribution of the Lost 
River to the Recovery of Federally Listed Lost River and Shortnose Suckers” (see 
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Appendix E).  Following are the threats cited in the original listing, with specific factors 
addressed for each Upper Klamath Lake and the Lost River system. 
 
Threat Factor A: The destruction, modification, or curtailment of 
habitat or range. 
 
Upper Klamath Lake 
 
Habitat Conditions Overall: 
 
Doug Markle (OSU) commented that things are better regarding habitat issues, but there 
is an unpredictable response in regard to climate. We have not stood still; improvements 
in habitat have been made, for example at Agency Lake, but the threat has not been 
eliminated.  
 
Larry Dunsmoor (The Klamath Tribes) noted that we are not returning nutrients to Upper 
Klamath Lake like we were. There has been better education of landowners and progress 
has been made in habitat restoration. The improvements have been incremental and are 
moving in the right direction.  He also suggested that managing the elevation of Upper 
Klamath Lake is a factor that needs to be addressed. 
 
Roger Smith (ODF&W) acknowledged the immediate changes that have been made with 
lake level management, but he doesn’t believe there has been improvement with the 
sucker population yet. 
 
Mark Buettner (USFWS) observed that there is less nutrient loading into Upper Klamath 
Lake from the Wood River. 
 
John Crandall (TNC) affirmed that restoration is making strides in a positive direction, 
but the threat is still there. Lake level management is always going to be a factor. 
 
1. Significant and Sharp Population Declines: 
 
Larry Dunsmoor remarked that some sucker populations have declined, while others have 
improved.   
 
Doug Markle stated that the threat is still present, but maybe for different reasons. The 
sport fishery has been removed, but there are losses from die-offs. Also, there is a 
“scientific loss” for the increased studies that have been conducted. Other panel members 
mentioned adult sucker mortality from radio-tagging studies. Larry Dunsmoor 
commented that survival rates of the mark/recapture studies showed much lower adult 
sucker mortality from scientific take in Upper Klamath Lake than in Lake Ewauna and 
the Lost River system. 
 
A lengthy discussion followed between Rip Shively (USGS) and Tom Dowling (ASU), 
regarding whether hard estimates of population size were necessary for evaluating the 
status of the species.  Shively argued that such estimates are not reliable, because of the 
size of the lake and the relatively small number of fish tagged each year.  Dowling was 
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firm that in order to use the “best available science” for both listing and delisting, a 
number is required. Shively suggested survival, recruitment, and rate of population 
change would be reliable numbers.  Dowling insisted that hard estimates of total 
population size are the foundation for determining improvement or decline.  Shively 
asserted that estimates of vital rate parameters will show rise or fall, reflecting 
improvements or decline in the population change over a 10-15 year period; additionally, 
if you observe a lack of fish-kills in combination with good survival and recruitment 
rates, that will give you a number. Dowling still insisted hard evidence in term of 
population estimates needs to be incorporated into the process.  
 
Doug Markle proposed that we need at least a range of numbers for population size in 
Upper Klamath Lake, in order to evaluate whether we are making improvements. Is it 
thousands of suckers, tens of thousands, hundreds of thousands? Shively responded that a 
“best guess” would be in the low tens of thousands, but that numbers have not been 
formally computed because the sampling size has not been adequate to do so. 
 
2. Lack of Recruitment into the Spawning Population: 
 
Several panel members stated that the lack of recruitment is still a threat. 
 
Larry Dunsmoor remarked that we don’t have the whole picture of recruitment. We need 
to be explicit with the adult life stage. Do the recruits live long enough to add to the 
population? What is their reproductive capacity? We do know the mortality of adults is 
higher than it should be. 
 
Rip Shively commented that there has been some recruitment, evidenced by the presence 
of smaller fish in the populations. However the rate of recruitment is still a threat, as it is 
not sufficient to replace those fish lost to mortality. 
 
3. Sucker Spawning Habitat Blocked by Dams:  
 
Larry Dunsmoor observed that Chiloquin Dam is still blocking spawning, although 
Agency Creek Dam has been removed. 
 
Ron Larson (USFWS) noted that the shortnose suckers are not moving upstream like the 
Klamath largescale and Lost River suckers are.  
 
4. Entrainment into Unscreened Diversions: 
 
Several panel members noted that there have been improvements in diversions resulting 
in less entrainment of fish.  Mark Buettner and others pointed out that the Wood River 
diversions have fish ladders, and the Link River Dam ladder now allows fish passage.  
Ron Larson remarked that there are about 500 diversions in the Upper Klamath Basin, 
and only about 10% of those are screened, although the impact of particular diversions 
varies drastically. 
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Roger Smith stated that the number one priority for the state of Oregon was the screening 
of the A-Canal, and that has been done. Rich Piaskowski (USBR) commented that the A-



SECTION 7  EVALUATING THE THREATS 77 

 

AUGUST 2005  INDEPENDENT SCIENCE REVIEW PANEL 

Canal was a major entrainment issue before installation of the new fish screen in 2003.  
The screen eliminates entrainment of suckers of about 30 mm or greater.  However, 
sucker entrainment reduction at A-Canal is not significant for the sucker populations, 
since fish diverted from A-Canal by the screen most likely move downstream over Link 
River Dam to Lake Ewauna, where they succumb to poor water quality in the summer. 
The benefit of the A-Canal will be realized only if and when water quality and habitat are 
improved in Lake Ewauna.  
 
5. Loss of Springs for Spawning: 
 
Larry Dunsmoor reflected there have been some improvements in fish access to springs 
in the upper watershed, particularly the Sprague River area, but no change in the lake- 
shore springs, which are significant for the suckers. He noted especially Harriman Spring, 
which was last known to be used by suckers for spawning in the early 1970s. 
 
6. Decreases in Water Quality: 
 
Larry Dunsmoor commented that although there have been incremental moves in the 
right direction, there has been no significant change in water quality. We also have a 
better understanding of it being a primary risk to the species.  
 
Roger Smith agreed that the change in water quality has been minor.  He noted that there 
have been changes in irrigation practices along the Wood River, and Modoc Point is no 
longer dumping raw sewage into Upper Klamath Lake.  There has also been some 
significant restoration around the lake, but time is needed for restoration to show 
improvement.  
 
Rich Piaskowski noted the proposed restrictions on Total Maximum Daily Load 
(TMDL).  However, given the magnitude of the nutrient loading in Upper Klamath Lake 
and the lack of regulatory enforcement, he does not believe they will be successfully 
enforced or achieved, so will not likely result in improved water quality.  
 
Lost River System 
 
Habitat Conditions Overall: 
 
Mark Buettner reported that in the Lost River system, riparian restoration activity on 
federal lands above Gerber Reservoir and above Clear Lake have improved conditions 
since the listing of the suckers. Conditions in the Lost River tributaries have also 
improved. At Clear Lake the US Bureau of Reclamation has built a new dam structure to 
store more water, and has installed fish screens. In the Lost River mainstem there have 
been few changes. There has been some riparian restoration on private land, but they 
have not noticed a response in fish usage. In Gerber Reservoir and Clear Lake the fish 
populations have good age-class structure and frequent recruitment of juveniles, better 
than in Upper Klamath Lake, though we do not know if it is better than at the time of 
listing. In Tule Lake there does not appear to have been substantial recruitment, though 
there is no monitoring data to verify this, and the habitat is continuing a downward trend. 
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Rip Shively noted that in Clear Lake the sizes of the fish were larger at the time of listing 
than they are now. Roger Smith added that there have been fish die-offs (1993 and 1999) 
in the Lost River mainstem. 
 
Rich Piaskowski noted that the habitat in Tule Lake is worse than at time of listing. Mike 
Rode (CDFG) added that there are extremely low numbers of suckers in Tule Lake and a 
die-off could extirpate the population. In terms of recruitment, the A-Canal fish screen 
actually negatively impacted new fish recruitment in Tule Lake, as fish no longer travel 
down the canal system to Tule Lake. He confirmed Buettner’s statement that there is no 
monitoring at Tule Lake. 
 
1. Significant and Sharp Population Declines in the Lost River System: 
 
Mark Buettner stated that there are significant sucker population declines in Lost River.  
There do not appear to be similar declines in Gerber Reservoir or Clear Lake, but the data 
collection there is not robust enough to say whether there is a trend or not.  Roger Smith 
suggested that the sucker population in Gerber Reservoir is actually larger now than at 
listing.  
 
Rip Shively confirmed that monitoring is not occurring at Gerber or Clear Lake, but said 
that the diversity of age structures appears to be good. In Clear Lake the water level 
drawdown in 1994 and 1995 did negatively impact the population.  Mark Buettner 
remarked that Clear Lake needs to be at a certain elevation to allow fish access to the 
tributaries. When the lake is low, there is no access to the tributaries, although with long-
lived fish such as suckers, yearly access is not necessary for recruitment. Rip Shively 
concurred. 
 
Rich Piaskowski stated that data of diverse age structure and recruitment suggests a 
stable population in Clear Lake, but data are insufficient to draw strong conclusions about 
population status. 
 
2. Lack of Recruitment into the Spawning Population: 
 
Mike Rode remarked that there is good recruitment in Clear Lake. Mark Buettner 
responded that although recruitment appears to be good, we don’t have adequate 
information for either Gerber Reservoir or Clear Lake. They found a number of juveniles 
in Lost River and Tule Lake in 1999, but again data was scarce. Additionally there is not 
much spawning habitat. 
 
Other panel members remarked that if there is not much spawning habitat in Tule Lake, 
and no fish passage up the Lost River due to dam blockage, there is no reason to believe 
that the population is recruiting naturally. 
 
3. Sucker Spawning Habitat Blocked by Dams: 
 
Ron Larson stated that the Lost River still has dams blocking fish passage, and there is no 
spawning habitat for the Tule Lake sucker population. Jack Williams (Trout Unlimited) 
pointed out that the Lost River system is still a degraded system. 
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4. Entrainment into Unscreened Diversions: 
 
Mike Rode commented that unscreened diversions are a chronic problem in Lost River, 
and Tule Lake has no screens.   
 
5. Loss of Springs for Spawning: 
 
Rich Piaskowski remarked that Bonanza Springs on Lost River was historically an 
important spawning site. Rip Shively concurred that the suckers used to spawn there and 
do not now.  Mike Rode added that conditions at springs have worsened with the 
increased groundwater usage. 
 
6. Decreases in Water Quality: 
 
Several panel members stated there has been no improvement in water quality for the 
Lost River. The water quality at Gerber Reservoir and Clear Lake is not a threat, but Tule 
Lake has poor water quality. Also, several commented that the agencies have not been 
very effective in educating the public about the economic benefits of habitat restoration, 
especially for riparian areas. 
 
Roger Smith asserted that the regulations of the federal and state governments are not 
effective, other than the ESA. It also appears they are moving away from regulation.  
Although point source pollution has some powerful restrictions in TMDLs, non-point 
source pollution is significant and it’s hard to regulate its reduction.  Mike Rode 
concurred that state and federal regulations seem to have weak goals and objectives.  
John Crandall added that passive restoration in particular has hazy goals.  Larry 
Dunsmoor pointed out that we have done a poor job of educating landowners to work to 
improve water quality, by not listening to what they want or need. 
 
Additional Comments on Lake Level Management in Gerber and Clear Lakes: 
 
Mike Rode commented that in 1992, Clear Lake was drawn down, and it isn’t known 
how many fish were able to survive. There have been no surveys of fish kills. This year 
the proposed drawdown will be even lower, and we are entering the management phase 
with an unknown outcome. We seem willing to take a big risk. There is a continuing 
potential threat regarding management of lake elevation levels for the population at large 
in the lake.  To go below 1992 lake levels is very dangerous, especially since the 
populations are less resilient than they were in the past. 
 
Larry Dunsmoor remarked that the fish taken out of Clear Lake during the low water 
years of 1992 and 1994 were emaciated. He suggested that there should be an analysis of 
Clear Lake elevations at the end of each season and carry-over, as well as estimates of 
risk to the suckers at different lake levels.  He contended the same principle that is 
applied to Upper Klamath Lake elevations should be applied to Clear Lake as well.  Mark 
Buettner added that the fish in Gerber have also shown stress with low lake levels. 
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Ron Larson stated that the populations in Clear Lake and Gerber Reservoir show 
evidence of healthy age class structure and a lack of die-offs, but they do show risk with 
the lower water levels. He commented that both Gerber Reservoir and Clear Lake are 
prone to droughts. Predicting the risk of droughts is difficult because years of low 
precipitation come in cycles of varying intervals. In a Biological Opinion (BO) it is hard 
to analyze for droughts. 
 
Threat Factor B: Over-utilization. 
 
Upper Klamath Lake and Lost River system 
 
7. Sport Fishery Harvest: 
 
The panel members all agreed that this threat was removed when the fishery was closed 
in 1987. 
 
Threat Factor C: Disease or predation. 
 
Upper Klamath Lake 
 
8. Predation and Spread of Disease/Parasites by Exotic Fishes: 
 
Several panel members stated that the presence of the external parasite Lernaea on 
suckers has increased in recent years. These parasites can cause stress on the fish and 
provide opportunities for disease to become a factor.  Although there is not a direct causal 
relationship between parasite infection rates and fish die-offs, infections make the fish 
more vulnerable to die-offs related to algae blooms. Other members agreed that disease 
and parasites are still a threat to the listed suckers, although the increase in parasites and 
disease cannot be linked to exotic fishes. 
 
Roger Smith stated that Lernaea has been seen on Upper Klamath Lake fish since 1890s. 
Historic fish kills were probably from disease or parasites. 
 
Lost River system 
 
8. Predation and Spread of Disease/Parasites by Exotic Fishes: 
 
Mark Buettner stated that there is a lack of information about predation and disease in the 
Lost River system.  He did note that in 1992 and 1994 Lernaea was seen in Clear Lake; 
the higher parasite load could be a result of lower lake levels in those years. 
 
Other panel members remarked that lamprey had been sighted in Clear Lake. 
 
Threat Factor D: Inadequacy of existing regulatory mechanisms. 
 
Upper Klamath Lake and Lost River system 
 
9. Habitat Unprotected: 
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Several panel members expressed their frustration with inconsistent and/or lack of 
enforcement of the regulations, particularly those regarding habitat restoration on private 
lands. Some members contended that if present regulations were enforced adequately, the 
habitat would be significantly improved.  
 
Roger Smith noted that before the ESA, restoration moved much more slowly. Some 
regulatory mechanisms have been helpful, for example the screening of the A-Canal and 
the Link River fish ladder. The fear of the ESA regulations drives people to work on 
conservation measures.  Some regulations are very difficult to enforce, such as the 
prohibition of exotic fish. 
 
Mike Rode stated that the California ESA is subservient to the Federal ESA, and those 
regulations have not been effective—it’s status quo. With regard to water management, 
there is competition between the two Biological Opinions, the salmon needing 
downstream flows and the suckers requiring certain lake levels. 
 
Rip Shively noted that the enforcement of regulations has helped with the improvement 
of the shoreline spawning sites in Upper Klamath Lake. 
 
Ron Larson stated that the government agencies have conflicting missions on issues that 
have put us in untenable situations. Regulations alone will not correct the problems. 
 
Larry Dunsmoor questioned whether the water adjudication will be adequate to protect 
the suckers, because there is no provision for habitat issues. He noted that treaties to 
protect the resources haven’t functioned as they should have, and there are questions 
about whether the FERC regulations will address the needs of the species. 
 
Threat Factor E: Other natural or manmade factors affecting continued 
existence. 
 
Upper Klamath Lake and Lost River system 
 
10. Increased Incidence of Hybridization with Other Suckers: 
 
Thomas Dowling (ASU) referred to research they have done on hybridization and the risk 
to the two endangered species.  While hybridization is not much of an issue for the Lost 
River suckers, there is evidence of morphological changes in the shortnose suckers in the 
last century, suggesting human influence has impacted the hybridization of these fish. 
Based upon current research, hybridization is more prevalent in the Lost River system 
than Upper Klamath Lake. There are many situations where they found morphological 
differences in suckers that appear to be genetically identical, but not all genes can be 
tested.  There is also evidence to suggest that some degree of hybridization is not entirely 
a risk to the species, but in fact an adaptive response.  The key factor in evaluating 
hybridization is whether it is triggered by human impacts, which appears to be the case 
with the shortnose suckers in the Lost River system.   
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11. Blue-green Algae Blooms: 
 
Several panel members remarked that we still do not know the total magnitude of the 
effect of algae blooms effects on the fish.  It appears the algal bloom has a chronic effect 
on water quality, which is clearly a stressor on the fish.  But the bloom dynamics, life 
cycle, and precipitators of the bloom crash are not fully understood, and are important 
research needs in the recovery of the species.  
 
Algal blooms are not an issue in the Lost River system. 
 
12. Die-offs during Hot or Dry Years: 
 
Some members stated that the fish die-offs have become more frequent since the original 
listing of the species.  Rip Shively suggested that maybe the die-offs are not more 
frequent, but more people have been out on the lake to see the dead fish. John Crandall 
stated that the frequency of die-offs certainly has not decreased, and die-offs are still a 
threat. Shively concurred, and added that die-offs are a significant limiting factor on the 
sucker population. 
 
Mike Rode noted that die-offs are occurring in the Lost River system and they are a 
significant threat.  Particularly in Tule Lake, the suckers could be extirpated rapidly. 
 
13. Pollution of Upper Klamath Lake and Low Inflows Caused by Diversions: 
 
Rip Shively stated that poor water quality is the single greatest threat to the adult suckers. 
 
Larry Dunsmoor concurred that water quality in Upper Klamath Lake is clearly still an 
issue. In terms of nutrient loading, what is coming out of the Sprague River has not 
shown a significant change.  There have been major changes in the former wetlands 
around the lake, and Agency Lake may see improvements first, but it is too early to tell.  
Landowners in the Sprague and Wood River Valleys have shown increased awareness of 
the need to minimize their use of water, and the Wood River Valley in particular is not 
irrigating as much. The Klamath Basin Rangeland Trust (KBRT) and the water bank both 
work to increase inflows to Upper Klamath Lake and Klamath River, but overall, water 
balance is a continuing problem. 
 
John Crandall commented that there have been improvements around Upper Klamath 
Lake, but not enough to make a significant difference. Tulana Farms has had a reduction 
in agricultural use. With restoration around Upper Klamath Lake there may be reduced 
flow from those areas. 
 
Ron Larson remarked that there have been improvements with the efficiency of irrigation 
through the NRCS.  The Environmental Quality Incentives Program (EQIP) has assisted 
many people in changing from flood irrigation to sprinkler irrigation. He also noted that 
low inflows are not necessarily human caused, and could well be related to climate 
changes. 
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Regarding pollution and low inflows for the Lost River system, some members stated that 
there have been no changes. Others noted that there are some improvements, for example 
the new sewage treatment plant for the city of Merrill. 
 
Roger Smith noted that the increase in groundwater pumping could lower the aquifer and 
reduce inflows to the Lost River system. 
 
14. Exotic Fishes (Fathead Minnow and Yellow Perch): 
 
Larry Dunsmoor remarked that there are many more exotic predator species in the Lost 
River than in Upper Klamath Lake, but there has been an increase in exotic species in 
Upper Klamath Lake. Exotic fishes have been confirmed as a threat by more data since 
listing.  Ron Larson commented that since there are more data now than at time of listing, 
threats are more obvious. 
 
Roger Smith noted the addition of such exotic fishes as the alligator gar and the channel 
catfish, which have been collected in the A-Canal. 
 
Jack Williams stated that exotic species are still problems for the suckers, in both 
systems, and it has not gotten any better since listing. 
 
Mark Buettner remarked that if we improve the natural form and function of the habitat, 
the native fishes will be better able to compete with the exotic fishes. 
 
Other Factors: 
 
Rip Shively pointed out that it is important to distinguish between shoreline and riverine 
spawning stocks, and address each specifically. There has been a loss of shortnose sucker 
shoreline spawning sites, and a downward trend of adult shortnose sucker lake spring 
spawning.  
 
Rich Piaskowski mentioned a newly recognized threat to the suckers is the fish leaving 
Upper Klamath Lake and moving to Lake Ewauna and poorer water quality. It is not clear 
why the suckers are leaving Upper Klamath Lake, but it is thought to have occurred 
historically and could have served as a dispersal mechanism for suckers.  Those leaving 
Upper Klamath Lake historically could have reared in Lower Klamath Lake and Lake 
Ewauna, and then returned to Upper Klamath Lake as adults. Although many larval and 
juvenile suckers presently leave Upper Klamath Lake over Link River Dam annually, 
very few suckers apparently survive in Lake Ewauna. Better water quality there would 
greatly improve conditions for the sucker population. Also, the newly installed Link 
River fish ladder will allow the adult fish to return to Upper Klamath Lake. 
 
Some panel members noted two new factors that could pose threats to the suckers. 
Human population growth is on an upward trend and requires increased municipal water 
usage, and climate change has meant less snow and more frequent droughts. 
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SECTION 8 
Panel Assessments 

 
 

 Narrative Summary of ISRP Members’ Assessments of 
Current Threats to the Lost River and Shortnose Suckers 

 
 Table Summary of ISRP Threat Matrices for Lost River and 

Shortnose Suckers  
 

 Individual Panel Members’ Assessments: 
• Mark Buettner 
• Michael Cooperman 
• John Crandall 
• Larry Dunsmoor 
• Charles Hanson 
• Doug Markle 
• Rich Piaskowski 
• Dudley Reiser 
• Rip Shively 
• Roger Smith 
• Dave Vogel 
• Jack Williams 

 
 

Narrative Summary of the Independent Scientific Review 
Panel Members’ Assessments of Current Threats to the Lost 

River and Shortnose Suckers 
 
As part of the 5-Year Review process for the Lost River and shortnose suckers, the US 
Fish and Wildlife Service convened a panel of scientists, the “Independent Scientific 
Review Panel” (ISRP), to assist in developing information regarding the conservation 
status of the species. As part of that process, each scientist was asked to provide the 
Service with an assessment of the threats affecting the species. Of the 13 scientists on the 
ISRP, 12 submitted individual reports or assessments regarding the current threats to the 
status of the ESA-listed Lost River and shortnose suckers. Some members used the 
supplied Threat Matrix (Appendix D) as a way of evaluating changes in the threats from 
the time of listing to the present, others chose to identify and address only those threat 
factors they deemed most important to the current status of the listed suckers. Some 
restricted their comments to the threat factors as they impact Upper Klamath Lake only, 
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and others included the Klamath River and the Lost River subbasins including Tule Lake, 
Gerber Reservoir and Clear Lake.  
 
This narrative summarizes the varied scientific opinions in a generalized way. It is not 
meant to be a complete representation of all the specific views or opinions expressed by 
each scientist regarding each factor. Their individual assessments are included in this 
report for a comprehensive understanding of their evaluations of the current threats to the 
listed suckers. 
 
Destruction, Modification or Curtailment of Habitat or Range 
 
1. Significant and Sharp Population Declines 
Twelve scientists addressed this factor; 11 stated that significant and sharp population 
declines continue to be a threat to the status of the Lost River and shortnose suckers in 
the Upper Klamath Basin. Of those 11, 6 specified this is a current threat to Upper 
Klamath Lake sucker populations. One panel member expressed the opinion that the two 
sucker species in Upper Klamath Lake are not in imminent threat of extinction because 
the current estimated population numbers in Upper Klamath Lake are greater than 
estimated in 1988, and the range of population distribution in the Upper Klamath Basin is 
more widespread than realized in 1988. Three panel members noted the Gerber Reservoir 
and Clear Lake sucker populations are substantial, stable and not threatened with 
significant or sharp population declines. One member specifically noted that the Lost 
River and Tule Lake sucker populations continue to decline. 
 
2. Lack of Recruitment 
Nine panel members contended that lack of recruitment is a current threat to the sucker 
populations in Upper Klamath Lake. Many noted that there has been some recruitment in 
some years, but there have also been years of recruitment failures, so the threat continues. 
One member remarked that recruitment in Upper Klamath Lake, whether strong or weak, 
is greater and more widespread now than was assumed in 1988. Two members 
specifically noted that sucker populations in Gerber and Clear Lake have frequent 
recruitment, so this is not a current threat to those populations. According to one panel 
member, in Tule Lake and the Klamath River impoundments the lack of recruitment is a 
continuing threat to those populations, whereas there is some recruitment within the 
shortnose sucker populations of Lost River. 
 
3. Spawning Habitat Blocked by Dams 
Of the 10 panel members who chose to address this threat factor, 6 believe spawning 
habitat blocked by dams is a continuing threat to suckers. The Chiloquin Dam was 
specifically identified as a current threat because it was identified as a threat in the initial 
listing and it is still in place. Three members noted that the Chiloquin Dam is a hindrance 
to sucker passage (not a total blockage), but questioned the assumed positive outcomes of 
sucker spawning response to dam removal. One member remarked that for Upper 
Klamath Lake, since the Chiloquin Dam will probably be removed in the next two years, 
it should no longer be considered a threat; and the newly installed Link River fish ladder 
has removed that threat to sucker passage. Two members specifically identified 
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continuing spawning habitat blockage and inadequate passage as threats in Lost River 
and Tule Lake. 
 
4. Entrainment into Unscreened Diversions 
A major unscreened diversion on Upper Klamath Lake, the A-Canal, was screened in 
2003; other diversions on Upper Klamath Lake have also been screened. Eight of the 11 
scientists who addressed this factor believed the entrainment threat in Upper Klamath 
Lake is reduced but not eliminated. The A-Canal still entrains sucker larvae and the A-
Canal bypass to Lake Ewauna becomes an entrainment issue due to poor water quality, 
predation and competition from exotic fishes. Two panelists stated that even with the 
screened diversions completed, there are still many more unscreened diversions and the 
entrainment threat remains. One member asserted that, with many acres of Williamson 
River agricultural lands converted to wetlands, screened diversions in the Wood River 
Valley and the A-Canal screening, the entrainment threat is no longer a factor that could 
cause sucker extinction. 
 
5. Loss of Springs for Spawning 
For Upper Klamath Lake, the loss of springs for spawning is a current threat to the 
suckers, according to 10 of the 11 scientists who considered this factor. Several of the 
panel members remarked that low lake levels in dry or critically dry years limits shoreline 
spawning habitat accessible to the suckers. One member stated that the springs and the 
spawning populations could be reestablished, but because there has been no effort by 
USFWS since the ESA listing to do so this, the threat is not that important. Two scientists 
expressed concern that groundwater drawdown could cause dewatering of springs Basin-
wide. One panel member remarked that in the Lost River access to springs is still 
blocked. 
 
6. Decreases in Water Quality 
Decreased water quality in Upper Klamath Lake is a major threat to the status of the 
listed suckers according to 11 of the 12 panel members. Several of the 11 believe there 
has been little change in water quality since 1988. One member believes that water 
quality in Upper Klamath Lake is unlikely to significantly improve to prevent die-offs, 
but that it is also unlikely to cause extinction to the species since Upper Klamath Lake 
has historically had poor water quality. One member noted that decreases in water quality 
in Lost River and Tule Lake are a threat to the suckers there, whereas water quality is not 
a threat in Gerber Reservoir or Clear Lake. 
 
Over-Utilization 
 
7. Sport Fishery Harvest 
Nine scientists remarked that because the sport fishery harvest was suspended in 1987 
this is no longer a threat to the listed suckers. One of the 9 expressed an additional 
concern about the increase in scientific take for research. 
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Disease or Predation 
 
8. Predation and Spread of Disease or Parasites by Exotic Fishes 
For Upper Klamath Lake, 8 panel members expressed their belief that non-native fish 
predation of larvae and juvenile suckers and competition with exotic fishes continues to 
be a threat to the endangered suckers. Two acknowledged that there is very little data 
regarding predation and disease spread by exotics and this factor needs to be researched 
further. Five panel members raised concerns about the increase of parasitic infestations 
on the suckers, though there was uncertainty if exotics introduced the parasites. For the 
Klamath River impoundments, Lost River and Tule Lake, two members specified that 
exotic fishes pose a threat to the suckers. In Gerber Reservoir and Clear Lake, 3 panelists 
suggested that although exotic fishes are abundant, they are not a threat to the sucker 
species. 
 
Inadequacy of Existing Regulatory Mechanisms 
 
9. Habitat Unprotected 
Of the 9 panel members who addressed this factor, 6 believe inadequate regulations are a 
current threat to sucker habitat. Some of the reasons given are the unadjudicated water 
rights, the uncertain water availability for sucker habitat, and the lack of habitat 
protection regulations on private lands. One panelist remarked that federal management 
changes since listing have helped protect habitat, but the lack of regulation enforcement 
by the State of Oregon has not been helpful for habitat protection. One other member 
believes there should be critical habitat designated for suckers and that has not been done. 
One member believes there are adequate state and federal regulations currently in place 
and removal of ESA protection should not be considered a threat. 
 
Other Natural or Manmade Factors Affecting Continued Existence 
 
10. Increased Incidence of Hybridization with Other Suckers 
Though hybridization was considered a threat to the Lost River and shortnose suckers at 
the time of listing, there appears to be some uncertainty among the scientists as to 
whether it is a current threat. Workshop presentations on new research involving 
hybridization in the listed sucker populations added to the uncertainty as to whether 
hybridization is a current threat. Ten of the 12 scientists addressed this threat factor. Four 
of the panel members believe that hybridization in suckers is natural and may be 
beneficial to the species. Two of those 4 panelists joined 4 other panelists in voicing 
concerns that human-caused factors that increase the rate of hybridization create a current 
threat to the suckers. Four panel members stated that hybridization in the suckers does 
not appear to be a current threat. Of those 4, one is included with the 6 panelists that 
believe human-caused hybridization is a threat, and one panel member was included with 
those scientists who believe hybridization is natural and beneficial. One panelist 
contended that hybridization is a current threat to the sucker population in Tule Lake. 
 
11. Blue-Green Algae Blooms 
Many of the ISRP members addressed the Upper Klamath Lake algae blooms in detail in 
their reports. Nine of the 10 scientists who commented on this factor believe algae 
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blooms are still a threat to the listed sucker species. One scientist asserted that this 
condition is unlikely to improve, but that there are supplemental oxygenation measures 
that could be implemented to minimize the threat associated with the algal blooms. 
 
12. Die-Offs during Hot or Dry Years 
For Upper Klamath Lake, 10 of the panel members who commented on this threat factor 
believe sucker die-offs are a current threat, and that the frequency of large die-offs has 
increased since the ESA listing. Two of those 10 panelists stated that though die-offs are 
still a threat, they are not necessarily correlated with hot or dry years but with water 
quality. One panel member noted the recent increased frequency of die-offs, but 
suggested that the cause could be correlated with the recent change in lake level 
management that has maintained higher lake levels. 
 
13. Pollution of Upper Klamath Lake and Low Inflows Caused by Diversions 
Regarding the pollution of Upper Klamath Lake, one scientist asserted that chemicals, 
pesticides and other contaminants were not currently a serious threat to the sucker 
species. One scientist stated that pollution and low inflows have not been demonstrated to 
threaten the sucker species with extinction. Six panel members remarked that pollution of 
Upper Klamath Lake is still a threat to the suckers. For other sucker population locations, 
one panel member remarked that pollution and contaminant issues are a high risk in Lost 
River and Tule Lake, but less of a risk in Gerber Reservoir and Clear Lake. Commenting 
on low inflows, 4 panelists believe low inflows pose a threat in Upper Klamath Lake and 
Lost River; 3 believe Upper Klamath Lake level management (inflows and outflows) has 
serious implications for the suckers. 
 
14. Exotic Fishes (Fathead Minnow and Yellow Perch) 
Nine scientists addressed this threat factor. Eight of these believe exotic fishes continue 
to be a threat to the suckers. Of those 8, 3 specifically noted the negative effects of the 
interactions of young-of-the-year suckers with fathead minnows and yellow perch. One 
panel member remarked that there is no evidence that exotic fishes threaten the listed 
suckers with extinction. Two panel members maintained that in Gerber Reservoir and 
Clear Lake there are large populations of exotic fishes, but they are not a threat to the 
sucker populations there. 
 
Additional Natural or Manmade Factors that Could Affect Suckers 
 
15. Climate 
Two members of the science panel made the case that changes in the climate, specifically 
the increased frequency of dry years, could have severe negative impacts on the suckers 
by reducing water availability. 
 
16. Human Population Growth and Infrastructure Development 
One panel member believes that, as the human population in the Upper Klamath Basin 
increases, there will be an increase in the consumptive use of water as well as an increase 
of pollution to the waters inhabited by the suckers. 
 
17. Changes in Agricultural Practices 



SECTION 8 PANEL ASSESSMENTS 89 

 

AUGUST 2005  INDEPENDENT SCIENCE REVIEW PANEL 

Three science panel members believe a large-scale conversion from dependence on 
surface waters to meet agricultural demands to groundwater pumping in the Upper 
Klamath Basin will cause changes in water availability, groundwater flow patterns and/or 
a dewatering of springs. They contend that this change could be a threat to the suckers. 
 
Final Assessments regarding the Status of the Lost River and Shortnose 
Suckers 
 
Eight of the 12 science panel members chose to express their opinion regarding the listing 
status of the Lost River and shortnose suckers. Seven of the 8 members believe that the 
suckers remain in danger of extinction throughout a significant portion of their range and 
have not recovered to the point of down- or delisting. One panel member believes these 
sucker species have exhibited greater population numbers over a larger geographic range 
with more recruitment than was assumed in 1988, and that potential threats have been 
sufficiently reduced to either downlist the species to “threatened” or remove them from 
the list entirely. 
 
A summary of the scientists’ assessments in Table format follows. 
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Summary of ISRP Threat Matrices for  
Lost River and Shortnose Suckers 
 

Five Listing 
Factors/Threats 

Threats Identified at 
Time of Listing2

 
Scientists’ Assessment of Current Threats 

A. Destruction, 
modification, 
or curtailment 
of habitat or 
range 

1. Significant and sharp 
population declines 

 

UK Basin: continues to be significant threat to sucker populations  (5)3

UKL: populations increased after listing; 1990s die-offs major decline in adult 
pop.; #s not changed since 1998; still a threat  (6) 

UKL: population numbers and range of  2 species greater than 1988 estimate; 
extinction not imminent  (1) 

Lost River and Tule Lake: populations continue decline  (1) 
Gerber and Clear Lake: populations substantial; stable  (3) 

 2. Lack of recruitment 
 

UKL: some recruitment in some years;  recruitment failure is occurring,  
potential threat significant  (9) 

UKL: recruitment (strong and weak) greater and more widespread than 
assumed in 1988  (1) 

Tule Lake and Klamath River impoundment: lack of recruitment  (1) 
Gerber and Clear Lake: frequent recruitment  (2) 
Lost River: some SNS recruitment  (1) 

                                                 
2  Taken from FR 53 (137): 27130-27134.  At time of listing, the Service believed that endangered status was warranted because of sharp declines of both 
species, lack of recruitment, and continued threats to habitats. 
 
3 Numbers inside parenthesis indicate number of scientific panel members (out of 12 submitted assessments) with the opinion or comment. Some scientific panel 
members did not address every threat factor; some addressed different sub-factors within the individual threats. 
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Five Listing 
Factors/Threats 

Threats Identified at 
Time of Listing2

 
Scientists’ Assessment of Current Threats 

 3. Spawning habitat 
blocked by dams 

 

UKL: should be viewed as continuing threats to population dynamics and 
habitat; Chiloquin Dam still a threat  (6) 

UKL: Chiloquin Dam planned to be removed; should not be considered a threat  
(1) 

UKL: Link River Dam new fish ladder; should not be considered a threat  (1) 
UKL: Chiloquin Dam a hindrance to passage; sucker response to removal is 

unknown  (3) 
Lost River and Tule Lake: blocked spawning habitat: inadequate passage a 

threat  (2) 

 4. Entrainment into 
unscreened diversions 

 

UKL: A Canal screened, screening at other diversions; entrainment is still a 
threat  (2) 

UKL: reduced threat; A Canal still entrains larvae, bypass to Lake Ewauna is 
an entrainment because of poor water quality, predation and competition  
(8) 

UKL: Williamson R. agricultural lands converted to wetlands, A Canal 
screened, diversions in Wood R. screened; no longer a factor to cause 
sucker extinction  (1) 
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Five Listing 
Factors/Threats 

Threats Identified at 
Time of Listing2

 
Scientists’ Assessment of Current Threats 

 5.  Loss of springs for 
spawning 

 

UKL: no change since listing; during dry and critically dry years lake levels 
affect amount of available habitat, lack of shoreline spawning habitat 
remains a threat  (10) 

UKL: not important enough threat because no effort to rehabilitate springs 
since listing  (1) 

UK Basin: groundwater drawdown and dewatering of springs a threat  (2) 
Lost River: access to spawning springs still blocked  (1) 

 6. Decreases in water 
quality 

UKL: water quality continues to be major threat; little change since listing  (11) 
UKL: unlikely to significantly improve to prevent die-offs; unlikely to cause 

extinction; supplemental oxygenation measures can be taken to avoid or 
minimize problem  (1) 

Lost River and Tule Lake: still a threat  (1) 
Gerber and Clear Lake: not a threat  (1) 

B. Over-utilization 7. Sport fishery harvest UK Basin: harvest suspended and remains so; not considered a threat  (9) 
UKL: scientific take has increased  (1) 

C. Disease or 
predation 

8. Predation and spread of 
disease/parasites by 
exotic fishes 

UKL: predation and competition with exotic fishes continues to be threat  (8) 
UKL: emergence of parasites a concern  (5) 
UK Basin: very little data; threat is in need of  research  (2) 
Klamath River impoundment, Lost River and Tule Lake: still a threat  (2) 
Gerber and Clear Lake: exotic fishes abundant; not a threat to sucker 

recruitment/survival rates  (3) 
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Five Listing 
Factors/Threats 

Threats Identified at 
Time of Listing2

 
Scientists’ Assessment of Current Threats 

D. Inadequacy of 
existing 
regulatory 
mechanisms 

9. Habitat unprotected UKL: water rights not adjudicated;  sufficient water availability a continued 
threat for habitat;  lack of habitat protection on private lands; situation 
unchanged from time of listing  (6)  

UK Basin: Fed. regulations have helped, OR State regulations not helpful  (1) 
UK Basin: critical habitat for suckers should be designated, has not been done  

(1) 
UK Basin: adequate State and Fed. regulations; removal of ESA protection 

should not be considered a threat  (1) 

E. Other natural or 
manmade fac-
tors affecting 
continued 
existence 

10. Increased incidence of 
hybridization with 
other suckers 

 

UK Basin: hybridization occurs naturally, may be beneficial  (4) 
UK Basin: human factors that increase rate of hybridization are a concern; still 

a threat  (6) 
UK Basin: these species do not appear to be threatened by hybridization  (4) 
Tule Lake: hybridization is a threat  (1) 

 11. Blue-green algae 
blooms 

 

UKL: still a threat; major threat  (9) 
UKL: unlikely to significantly improve; supplemental oxygenation measures 

can be taken to avoid or minimize problem  (1) 



94 PANEL ASSESSMENTS SECTION 8 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 

Five Listing 
Factors/Threats 

Threats Identified at 
Time of Listing2

 
Scientists’ Assessment of Current Threats 

 12. Die-offs during hot or 
dry years 

 

UKL: frequency of large die-offs has increased since listing; still a threat  (8) 
UKL: die-offs a threat, not necessarily correlated w/ hot or dry years but water 

quality  (2) 
UKL: lake level mgmt (higher than usual) may be cause of increase of die-offs   

(1) 
Lost River and Tule Lake: risk of catastrophic die-off present  (1) 
Tule Lake and Clear Lake: substantial risk of catastrophic mortality due to 

drought  (1) 
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Mark Buettner 
Threats and Extinction Risk Assessment for Lost River and Shortnose Suckers 
7/01/05 
 
 
The following is an assessment of threats and extinction risk for endangered Lost River 
and shortnose suckers, actions taken to address threats identified at listing, current 
threats, actions needed to address current threats and possible future threats and needs to 
be done to address them. 
 
The five listing factors include: a) destruction, modification, or curtailment of habitat or 
range, b) over-utilization, c) disease or predation, d) inadequacy of existing regulatory 
mechanisms, and e) other natural or manmade factors affecting continued existence. 
 
A. Destruction, Modification, or Curtailment of Habitat or Range 
 

1. Significant and sharp population declines 
The original listing identified significant and sharp population declines as a major 
threat at the time of listing.  This information was specific to Upper Klamath Lake 
and included sport fishery creel surveys and spawning run estimates on the 
Sprague and Williamson River. Population status data for other areas was not well 
known.  However, based on infrequent and cursory fish surveys from Copco 
Reservoir, Lost River, Clear Lake, Lower Klamath Lake, J. C. Boyle and Keno 
Reservoirs, Lost River and shortnose sucker populations in these areas were 
believed to be small.  Sucker populations in Gerber Reservoir were thought to be 
Klamath largescale suckers. 
 
After listing, there was a significant increase in population status monitoring 
throughout the range of the Lost River and shortnose suckers particularly at Upper 
Klamath Lake where intensive population monitoring has occurred every year 
since 1995.  Intensive monitoring over a period of a few years has been conducted 
at Clear Lake, Gerber, and Klamath River reservoirs at J. C. Boyle, Copco and 
Iron Gate.  Infrequent and less intensive population status surveys have been 
conducted on Tule Lake, Lost River, and Lower Klamath Lake. 
 
Populations of Lost River and shortnose suckers in Upper Klamath Lake 
increased markedly after listing. However, data are insufficiently rigorous to 
quantify this increase.  Fish die-offs in 1995, 1996, and 1997 led to a major 
decline in adult population numbers in Upper Klamath Lake.  However, they are 
likely well above those present at listing.  Abundance index values for both 
species have been similar over the last several years suggesting that population 
levels have not changed much since 1998.  
 
Data are insufficient to determine population trends since listing at other 
locations.  However, populations of shortnose suckers in Gerber Reservoir and 
shortnose and Lost River suckers in Clear Lake Reservoir are substantial.  At 
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listing, Clear Lake population levels were unknown but assumed to be small. 
Small populations of Lost River suckers identified after listing include: Tule 
Lake, Keno Reservoir, and J.C. Boyle Reservoir.  Small shortnose sucker 
populations were identified in Keno Reservoir, Lost River, Tule Lake, J.C. Boyle 
Reservoir, Copco Reservoir, and Iron Gate Reservoir. 
 
Although there have not been any significant and sharp population declines since 
1997, the risk for this trend remains due largely to poor water quality (Upper 
Klamath Lake) and low water levels (Clear Lake and Gerber reservoirs).  Actions 
needed to address this current threat include: spawning and rearing habitat 
restoration, entrainment reduction, improved fish passage, and reduction of 
external nutrient loading into Upper Klamath Lake. 

 
2. Lack of recruitment 

Lack of recruitment was identified at the time of listing as a threat particularly for 
the Upper Klamath Lake populations.  This continues to be a threat for Upper 
Klamath Lake.  Potential reasons for low recruitment include: lack of emergent 
vegetation larval and juvenile rearing habitat, predation and competition by 
nonnative fish, entrainment, and poor water quality. Lack of recruitment also 
appears to be a threat for sucker populations in Tule Lake and Klamath River 
impoundments (Keno, J. C. Boyle, Copco, Iron Gate) for the same reasons as 
Upper Klamath Lake.  Frequent recruitment as documented by a broad range of 
fish sizes occurs in Clear Lake and Gerber Reservoir. There also appears to be 
some shortnose sucker recruitment in the Lost River.  
 
Actions taken since listing to address lack of recruitment include minimum lake 
level requirements to protect shoreline emergent vegetation habitat, installation of 
A-Canal fish screen, restoration of larval and juvenile sucker habitat at Riverbend 
and South Marsh (Williamson River Delta Preserve) and several riparian, 
wetland, and instream habitat restoration projects around Upper Klamath Lake 
and its tributaries. The Bureau of Land Management and US Forest Service have 
enhanced stream and upland habitats in the Gerber and Clear Lake watersheds 
through revision in livestock grazing allotments plans, exclusion fences and off-
stream livestock water sites.  
 
Additional spawning and rearing habitat restoration/enhancement is needed 
particularly in the Sprague River and around Upper Klamath Lake.  The Nature 
Conservancy has proposed to restore several thousand acres at the Williamson 
River delta.  

 
3. Spawning habitat blocked by dams 

At the time of listing access to historic spawning habitat was blocked in the Lost 
River watershed by several diversion dams including Anderson-Rose, Wilson, 
Miller Creek, Gerber, Malone and Clear Lake.  Passage was also restricted by 
inefficient fish ladders at Link River Dam, Chiloquin Dam, Keno Dam and 
several small diversion structures scattered throughout the Upper Basin. 
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Actions taken to address passage include construction a new fishway at Link 
River Dam (2005).   
 
Inadequate passage continues to be a threat. Actions needed include removal or a 
new fishway at Chiloquin Dam and new fish ladders at Keno Dam and Harpold 
Dam and Island Park Dam (Bonanza).  
 

4. Entrainment into unscreened diversions 
There were several hundred unscreened diversions throughout the range of the 
suckers at the time of listing.  The largest diversion, A-Canal, was screened in 
2003.  Additional screens were installed at Clear Lake (2003), Agency Lake 
Ranch (2002), Wood River Ranch (2004), and Miller Island Wildlife Area (2003). 
 
Entrainment continues to be a threat because very few diversions are screened.  
However, there is a lack of entrainment data for specific diversions.  Due to the 
large cost of screening all or a significant number of diversions, site specific 
entrainment monitoring should be done to prioritize screen locations.  If 
significant entrainment is documented at any diversion, screening is 
recommended.  However, there is sufficient knowledge of sucker distribution and 
relative abundance in Upper Klamath Lake to screen major diversions there.  
 
As sucker populations expand entrainment may become a problem at some 
diversions in the future.  Additional screens may be needed at that time. 

 
5. Loss of springs for spawning 

Several spawning areas in Upper Klamath Lake were already degraded at the time 
of listing including Barkley Springs and Harriman Springs.  Other spring areas 
that were historically used for spawning are no longer used. This loss appears to 
be related to over-harvest and overall low population numbers rather than habitat 
degradation. 
 
Since most spring spawning sites in Upper Klamath Lake are located along the 
shoreline, lake levels affect the amount of habitat available.  During dry and 
critically dry years lack of shoreline spawning habitat remains a threat. 
   
Small-scale spawning habitat enhancement has occurred at Sucker Springs and 
Barkley Springs.  No spawning has been documented at Barkley Springs.  Actions 
needed include more extensive spawning habitat enhancement particularly at 
deeper depths, and reintroduction of fish to historic spawning areas. 
 
There are proposals to restore and reconnect thousands of acres of wetlands 
around Upper Klamath Lake in the next decade that will increase the surface area 
and volume of the lake. Enlarging Upper Klamath Lake by reconnection of 
wetlands may increase the frequency that Upper Klamath Lake does not fill and 
the amount of shoreline spring spawning areas that are inundated. 
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6. Decrease in water quality 
Poor water quality was identified as a threat at the time of listing.  It continues to 
be a major threat in Upper Klamath Lake and to a lesser extent in other areas 
occupied by endangered suckers.   
 
Actions needed to improve water quality mainly include reduction of external 
nutrient loading to Upper Klamath Lake from tributaries and former wetlands 
around Upper Klamath Lake.     
 
Water quality is not expected to improve substantially in Upper Klamath Lake 
over the next decade because of the high internal nutrient loading from bottom 
sediments.  However, based on the habitat restoration that has already taken place 
and is likely to occur in the Upper Klamath Lake watershed in the foreseeable 
future water quality is likely to improve over the next several decades reducing 
the risk die-offs and lower survival rates. 

  
B. Over-utilization 
 

7. Sport fishery harvest 
Over-utilization was a major threat at the time of listing. There was a substantial 
sport fishery on adult suckers during the spawning season at springs around Upper 
Klamath Lake and Sprague and Williamson Rivers during the 1960s through mid-
1980s.  Loss of certain spring spawning stocks was attributed primarily to the 
sport fishery. 
 
Oregon Department of Fish and Wildlife closed the sport fishery and The 
Klamath Tribes passed a tribal resolution ending the tribal subsistence fishery in 
1987.  Harvest for scientific purposes has occurred annually since listing but is 
not considered a threat. 

 
C. Disease or predation 
 

8. Predation and spread of disease/parasites by exotic fish 
Predation and competition with non-native fish including fathead minnow, yellow 
perch, largemouth bass, Sacramento perch, crappie, and brown bullheads were 
identified as contributing to the sucker population declines. Diseases, particularly 
columnaris, have been associated with large adult fish die-offs in Upper Klamath 
Lake.   
 
Predation and competition with non-native fish likely continues to be a threat for 
sucker populations in Upper Klamath Lake, Klamath River impoundments, Lost 
River, and Tule Lake because they are numerically dominant in these areas.  
However, in Clear Lake and Gerber non-native fish are very abundant but do not 
appear to pose a threat to these populations because recruitment and survival rates 
are higher there than other locations.   
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There are no practical methods known to control non-native fish populations in 
this system.  However, by improving recruitment and survival of suckers, this 
threat can be eliminated. Recruitment and survival of suckers can be improved 
through a variety of actions including: entrainment reduction, increase spawning 
and rearing habitat, improve access to potential spawning and rearing habitat, and 
improve water quality.   
 
Most disease organisms and parasites are natural to the area and only become a 
concern when fish are stressed by poor water quality conditions.  Actions that lead 
to improvement in water quality will indirectly result in lower risk of disease and 
parasites. 
 

D. Inadequacy of existing regulatory mechanisms 
 

9. Habitat unprotected 
The Lost River and shortnose suckers are on the State’s of California and Oregon 
list of protected species.  However, such listings do not provide much protection 
other than regulations that prohibit harvest.  Since most of the proposed critical 
habitat occurs on federally owned or managed areas, habitat should be protected 
through Section 7 consultation as long as the species are listed. An additional 
regulatory mechanism that may aid in the protection and recovery of endangered 
suckers is the implementation of the Clean Water Act.  The Environmental 
Protection Agency and the States of California and Oregon are working on Total 
Maximum Daily Load (TMDL) processes in most water bodies that are habitat for 
endangered suckers. Implementation of Water Quality Management Plans 
associated with completed TMDLs should improve water quality and quantity 
benefiting endangered suckers. 
 
Since most of the Upper Klamath Basin in Oregon is unadjudicated there is a 
continued threat that sufficient water will be available to support endangered 
suckers and their habitat in the Upper Klamath Lake watershed.  However, since 
The Klamath Tribes have the most senior water right in the region, it is expected 
that there will be adequate protection of instream flows for fish and wildlife when 
the process is completed. 
 
Actions are needed to provide permanent habitat protection on private lands 
particularly in the Upper Klamath Lake watershed including conservation 
easements, habitat restoration funding, water conservation, and other landowner 
incentives. 

 
E. Other natural or manmade factors affecting continued existence 
 

10. Increased incidence of hybridization with other suckers 
Hybridization associated with spawning habitat destruction and blocking access to 
historic spawning areas was identified as a threat at listing.  Recent genetic studies 
suggest that hybridization occurs naturally among the four Klamath Basin sucker 
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species and may potentially be beneficial for survival because it provides for a 
source of genetic variation.   
 
Although hybridization is a natural process in Klamath Basin suckers, human 
factors that increase the rate of hybridization are still a concern.  Specifically, 
hybridization is facilitated by dams that restrict spawning runs and encourage 
individuals of closely related species to spawn in mass in the dam’s tailwaters.  
This likely occurs below Anderson-Rose Dam on the Lost River and Chiloquin 
Dam on the Sprague River. 
 
Fish passage improvements were completed on Link River Dam in 2004 and 
plans are underway to remove Chiloquin Dam in 2006.  Other fish passage 
improvements are needed on the Lost River at Harpold and Island Park Dam and 
Keno Dam on the Klamath River. 

  
11. Blue-green algae blooms 

Upper Klamath Lake water quality is dominated by massive summer-time blooms 
of algae, Aphanizomenon flos-aquae, due in part to its shallow depth and high 
phosphorus levels.  The effects of the blooms on water quality include: high algal 
abundance that is directly correlated to photosynthetically elevated pH levels and 
widely fluctuating diurnal dissolved oxygen concentrations and low dissolved 
oxygen levels and high unionized ammonia concentrations when the algae bloom 
seasonally crashes which cause physiological stress and mortality in fish. 
Paleolimnological evidence suggests that Aphanizomenon blooms are a relatively 
recent phenomenon and are related to increased nutrient loading from various 
land use practices including logging and road construction, livestock grazing, and 
agricultural practices particularly on drained wetlands around Upper Klamath 
Lake.  
 
Algae blooms and late-summer fish die-offs were identified as a threat at listing 
and continue to be a threat.  Actions needed to reduce algal biomass and 
associated poor water quality conditions include implementation of best 
management practices to reduce nutrient loading to Upper Klamath Lake from 
tributaries.  Restoration of wetlands around Upper Klamath Lake is also important 
for reducing external nutrient loading and release of humic substances that may 
inhibit blue-green algae growth.  Additional measures that reduce internal loading 
of phosphorus in the lake bottom sediments should be assessed.  

 
12. Die-offs during hot or dry years 

At listing it was noted that major sucker die-offs may occur in hot and dry years.  
However, based on an analysis of three major fish die-offs in Upper Klamath 
Lake in 1995, 1996, and 1997 neither of these variables is considered very 
important.  Fish die-offs do occur during the warmer months of the year but not 
necessarily during periods of hot weather.  Of the five major die-offs since 1971 
none occurred during a dry year. 
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The threat of major die-offs in Upper Klamath Lake remains a current threat 
because poor water quality associated with Aphanizomenon blooms and crashes 
continues to occur annually.  Poor water quality is probably also responsible in 
part to low survival rates of juvenile suckers.  Actions that decrease external 
phosphorus loading to Upper Klamath Lake would help reduce the total 
phosphorus concentrations in the lake, thereby reducing the algal biomass that 
flourishes with high phosphorus conditions.  Reducing algal biomass will improve 
water quality conditions and reduce the risk of major fish die-offs and improve 
juvenile survival.  Enhancing water quality in localized areas of Upper Klamath 
Lake near tributary inflow areas (mouth of Williamson and Wood rivers and 
Sevenmile canal) may provide refuge areas for fish to congregate during periods 
of poor water quality.  

 
13. Pollution of Upper Klamath Lake and low inflows caused by diversions 

Pollution from chemicals, pesticides, and other contaminants is not currently a 
serious threat.  However, there is some risk of fuel and other contaminants spills 
into Upper Klamath Lake because of the close proximity of the lake to Highway 
140 and 97 and a railroad track along several miles of the eastern shoreline. 
However, impacts are likely to be small, temporary, and localized.  There is less 
risk of pollution in the Clear Lake and Gerber watersheds because of these areas 
are more remote and lack major human activity.  Tule Lake and the Lost River 
have a higher risk of pollution and contaminant issues because of the extensive 
agricultural and domestic activities adjacent to these water bodies. 
 
Low inflows caused by irrigation diversions continue to be a threat in the Upper 
Klamath Lake and Lost River watersheds.  Actions needed include water 
conservation, completion of the Klamath Basin water rights adjudication, and 
river and floodplain restoration to enhance groundwater storage and increase late 
season base flows. 

 
14. Exotic fishes 

The presence of exotic fishes throughout the range of the endangered suckers 
continues to be a threat that inhibits recovery particularly in Upper Klamath Lake, 
Lost River, and Klamath River reservoirs.  Sucker populations appear to be doing 
reasonably well in Clear Lake and Gerber reservoirs despite having large 
populations of nonnative fish.   
 
Actions needed to reduce the impacts of non-native fish include enhancement of 
spawning and rearing habitat, entrainment reduction, and improvement of water 
quality through reduction of external nutrient loading.  There do not appear to be 
any effective methods to control non-native fish populations.  The best strategy is 
to increase recruitment and survival of suckers in the presence of exotic fish 
populations.   

 
15. Climate 

The frequency of dry years has been higher in the last 10-15 years than in the 
previous 40-50 years in the Upper Klamath Basin.  If this trend continues then 
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there will be a higher risk of inadequate flows and lake levels to protect and 
recover endangered suckers. 

 
Determination 
 
Based on a review of the best scientific data available, the Lost River sucker and 
shortnose sucker are valid species and remain in danger of extinction throughout a 
significant portion of its range and therefore their status should be endangered.   
 
Lost River sucker populations in Clear Lake and shortnose sucker populations in Clear 
Lake and Gerber Reservoir appear to be doing fairly well based on abundance indices and 
size-class distributions.  However, they are in danger of extinction because of the threat 
of low water conditions related to multiple-year droughts and lack of inflow combined 
with agricultural diversions.  This situation may be exacerbated by predicted future dry 
climatic conditions.  For the Upper Klamath Lake system, poor water quality remains the 
major threat to sucker recovery. 
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Panel Member: Mark Buettner 
Status Recommendations:  
Threat Matrix for Lost River and Shortnose Suckers 
 

Five Listing 
Factors 

(Threats) 

Threats Identified at 
Time of Listing 

Actions Taken to Address 
Threats Identified at 

Listing 

Current Threats Actions Needed to Address 
Current Threats 

Possible Future 
Threats and What 

Needs to Be Done to 
Address Them 

A. Destruction, 
modification, 
or curtailment 
of habitat or 
range 

1. Significant and 
sharp population 
declines 

 

Tribal and Sport Fishery 
closed in 1987 

Poor water quality in 
UKL and Lost 
River. 

Low water levels due 
to multiple-year 
droughts in Clear 
Lake and Gerber 
Reservoir  

Spawning and rearing 
habitat restoration 

Nutrient loading reduction 
Entrainment and fish 

passage measures 

 

 2. Lack of recruitment 
 

Minimum lake levels for 
UKL, Clear Lake, 
Gerber Reservoir, and 
Tule Lake, A-Canal 
screen 

Remains a threat in 
Lost River, UKL, 
and Klamath 
River reservoirs 

Spawning and rearing 
habitat restoration in 
UKL watershed.  Water 
quality improvement in 
both Lost River and 
UKL watersheds.  

 

 3. Spawning habitat 
blocked by dams 

 

Link River Dam fish 
ladder (2004) 

Inadequate passage 
at Chiloquin Dam, 
Keno Dam, 
Harpold and 
Island Park Dam 

Chiloquin Dam removal 
planned for 2006, 
ladders needed on other 
dams (Keno, Harpold, 
Island Park) 
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Five Listing 
Factors 

(Threats) 

Threats Identified at 
Time of Listing 

Actions Taken to Address 
Threats Identified at 

Listing 

Current Threats Actions Needed to Address 
Current Threats 

Possible Future 
Threats and What 

Needs to Be Done to 
Address Them 

 4. Entrainment into 
unscreened 
diversions 

 

A-Canal, Agency Lake 
Ranch, Wood River 
Ranch, Clear Lake 
screened 

Entrainment likely 
substantial at 
diversions around 
UKL 

Screen diversions with 
significant entrainment 

As populations 
expand,  
entrainment 
could become a 
problem at other 
diversions 

 5.  Loss of springs for 
spawning 

 

Spawning gravel added 
to Sucker and Barkley 
Springs 

Low UKL levels 
during spawning 
season 

Enhance spawning 
substrate to lower 
elevations in UKL 

 

 6. Decreases in water 
quality 

External nutrient load 
reduction at several 
drained wetlands 
around UKL 

Poor water quality 
still a threat in all 
areas occupied  by 
suckers except 
Clear Lake and 
Gerber reservoirs 

Reduce external nutrient 
loading by 
implementation of best 
management practices 
for forest, range and ag 
lands 

 

B. Over-
utilization 

7. Sport fishery 
harvest 

Tribal and Sport fishery 
closed in 1987 

Not currently a threat None  

C. Disease or 
predation 

8. Predation and 
spread of 
disease/parasites 
by exotic fishes 

 Predation and 
competition a 
threat in Lost 
River, Klamath 
River, and UKL 

All actions that result in 
increased recruitment 
and survival 

 



SECTION 8 PANEL ASSESSMENTS 105 

 

 

AUGUST 2005  INDEPENDENT SCIENCE REVIEW PANEL 

Five Listing 
Factors 

(Threats) 

Threats Identified at 
Time of Listing 

Actions Taken to Address 
Threats Identified at 

Listing 

Current Threats Actions Needed to Address 
Current Threats 

Possible Future 
Threats and What 

Needs to Be Done to 
Address Them 

D. Inadequacy of 
existing 
regulatory 
mechanisms 

9. Habitat unprotected Section 7 consultation on 
Klamath Project and 
BLM and FS lands 

TMDL for UKL 
watershed 

Lack of water rights 
adjudication.  
Lack of habitat 
protection on 
private lands 

Aquatic habitat protection 
on private lands in UKL 
watershed by water 
conservation, 
conservation easements, 
habitat restoration 

 

E. Other natural 
or manmade 
factors 
affecting 
continued 
existence 

10. Increased 
incidence of 
hybridization 
with other 
suckers 

 

 Higher than normal 
hybridization rates 
likely to occur 
until fish passage 
improvements 
implemented 

Fish passage improvements 
needed on Chiloquin 
Dam, Harpold Dam, 
Island Park Dam, Keno 
Dam 

 

 11. Blue-green algae 
blooms 

 

External nutrient loading 
reduced at Tulana 
Farms, Agency Lake 
Ranch, Wood River 
Ranch, and several 
properties along the 
Sprague, Williamson 
and Wood rivers 

Remains a major 
threat in UKL and 
Keno Reservoir 

Reduce external nutrient 
loading by 
implementation of Best 
Management Practices 

Reduce internal loading in 
UKL and Keno 
Reservoir 

 



106 PANEL ASSESSMENTS SECTION 8 

 
INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 

Five Listing 
Factors 

(Threats) 

Threats Identified at 
Time of Listing 

Actions Taken to Address 
Threats Identified at 

Listing 

Current Threats Actions Needed to Address 
Current Threats 

Possible Future 
Threats and What 

Needs to Be Done to 
Address Them 

 12. Die-offs during 
hot or dry years 

 

External nutrient load 
reduction at Tulana, 
Agency Lake Ranch, 
Wood River Ranch, 
and several properties 
along the Sprague, 
Williamson, and 
Wood rivers 

Die-offs in UKL still 
a major threat 
because water 
quality has not 
significantly 
improved 

 

Additional external nutrient 
load reduction by 
implementation of Best 
Management Practices 
on forest, range, and 
agricultural lands in the 
UKL watershed 

 

 

 13. Pollution of UKL 
and low inflows 
caused by 
diversions 

 

 Not a major threat  Spill response plan and 
sufficient resources to 
implement plan. 

Water conservation, 
completion of 
adjudication, floodplain 
restoration 

 

 14. Exotic fishes  
 

Prohibitions against 
introduction of exotic 
fish by the States of 
California and Oregon 

Remains a threat Actions that improve 
spawning and rearing 
habitat, entrainment 
reduction, and 
improvement of water 
quality 

 



SECTION 8 PANEL ASSESSMENTS 107 

 

 

AUGUST 2005  INDEPENDENT SCIENCE REVIEW PANEL 

Five Listing 
Factors 

(Threats) 

Threats Identified at 
Time of Listing 

Actions Taken to Address 
Threats Identified at 

Listing 

Current Threats Actions Needed to Address 
Current Threats 

Possible Future 
Threats and What 

Needs to Be Done to 
Address Them 

 15.  Climate  Frequency of dryer 
years has 
increased in the 
last 10-15 years 
compared to 
previous 40-50 
years. 

Actions that increase water 
availability (storage, 
conjunctive use, water 
conservation) 

Climate change 
(warmer and 
dryer), increased 
demand related 
to population 
growth in the 
Upper Klamath 
Basin 

 

• Based on a review of the best scientific data available, LRS and SNS remain in danger of extinction throughout a significant 
portion of their range; species not recovered to point of down- or delisting under present circumstances; status should be 
endangered.  (7) 

• The LRS and SNS exhibit greater numbers over a larger geographic range with more recruitment than was assumed in 1988; 
potential threats to species populations have been sufficiently reduced to either downlist the species to threatened or remove 
from list.  (1) 

• LRS in Clear Lake and SNS in Gerber Reservoir are doing fairly well based on abundance indices and size-class distributions, 
but they are in danger of extinction from threat of low-water conditions due to drought and lack of inflow combined with 
agricultural diversions.  (1)  
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Michael S. Cooperman, PhD 
Independent Scientific Review Panel 
Lost River and Shortnose Suckers 5-Year ESA Status Review 
6/19/2005 
 
RE: Opinion on Listed Sucker Status 
 
 As a member of the Klamath sucker independent scientific status review panel 
(ISRP) for the 5-year Klamath sucker ESA status review, I have been asked to share my 
opinion on the current status of the Lost River and shortnose suckers, which were 
originally listed as “endangered” in 1988. In this document I limit discussion exclusively 
to my perception of the current status of the listed suckers, determined from my 
perception of the magnitude of current risks to the species and the resulting threat of 
extinction.  
 
 My opinion is constrained by the understanding that the status determination must 
be for the taxonomic units that were originally listed and based upon the taxonomic data 
available at the time of listing. In other words, because it was the Lost River sucker 
(LRS) “species” and shortnose sucker (SNS) “species” that were listed, ISRP opinions 
must present a single status for each species and can not offer different status 
determinations for individual populations.    
 
 Four primary considerations for evaluating current status of a species include the 
number of individuals within populations, the age structure / life history diversity within 
populations, the number and distribution of populations across the species range and the 
magnitude and predictability of threats to populations. Although there are indications of 
improving trends for some of these parameters for selected populations of the two 
species, such as improved frequency of year class formation for Williamson River 
spawning Upper Klamath Lake populations, there has been little change or deterioration 
in other parameters for several sucker populations. For example, the Upper Klamath Lake 
spring-spawning SNS population has failed to increase in age diversity or population size 
since listing and sucker populations in both Tule and Clear lakes appear to be at 
substantial risk of catastrophic mortality due to persistent drought conditions. 
 
 I believe the limited number of distinct populations combined with a moderate to 
high potential for mass-mortality events within each population that is the primary risk 
factor driving conservation status evaluation. Both Tule Lake and Clear Lake are 
subjected to recurring and prolonged low water availability stemming from low 
precipitation volumes. While causal mechanisms linking water quantity, weather, and 
water quality, and the resulting risk of mass die-offs are not conclusively understood, 
available data suggests sucker populations in Tule and Clear lakes are at risk for large-
scale die-off. Certainly, zero water equals zero fish. As such, I believe neither the Clear 
Lake nor the Tule Lake LRS or SNS populations can be viewed as long-term viable with 
a high, or even modest, level of certainty.  
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 Despite the notably larger population sizes in Upper Klamath Lake, the past 
decade has convincingly demonstrated that Upper Klamath Lake suckers are at risk of 
mass-mortality via water quality induced stress. Given that the present state on 
knowledge indicates weather, particularly wind speeds, coupled with stressful water 
quality are a primary driver of mortality events, and weather is beyond management 
control and water quality improvements is a long-term incremental approach to risk 
reduction, the Upper Klamath Lake populations are also at risk of catastrophic loss.  
 
 In total, the three largest population centers for the species (Clear Lake, Tule 
Lake, and Upper Klamath Lake) are all at risk of catastrophic mass mortality events, and 
the proximity of the three locations suggests high potential for synchronized threats via 
similarity of regional weather conditions.   
 
 Therefore it is my opinion that the magnitude of threat and the probability of the 
species persistence into the future have not appreciably changed since the initial listing, 
and therefore a continued “endangered” status is warranted for both species. This opinion 
is likely to hold until such time as multiple water bodies support self-sustaining sucker 
populations, each with a more modest threat of catastrophic die-off and a lower level of 
threat synchronization. 
 
 Thank you for the opportunity to share my opinion on this matter. If greater detail 
or clarification is desired, please contact me at your convenience. 
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John Crandall 
Klamath Basin Fisheries Ecologist, The Nature Conservancy 
Response to Listing Threats for ISRP  
30 June 2005 
 
 
For this exercise I have ranked the fourteen threats into four categories (low, medium, 
high, very high) based on my interpretation of the current risk they pose to the overall 
viability and persistence to any of the specific populations of LRS and SNS that occur in 
the Upper Basin. The ranks are placed in parenthesis in the threat header. These rankings 
can be thought of as the potential contribution that the individual threats may contribute 
towards species extinction. I have not tried to explain in detail all of the relevant 
causative agents and links related to the listing threats, yet have made an effort to briefly 
discuss some of the more relevant aspects of these highly interrelated threats in relation to 
data and status that has taken place since the 1988 listing. Information and data related to 
these responses are presented in the documented record of ISRP meeting presentations, 
discussions and handouts, thus no attempt was made to cite specific statements.  
 
I have also tried to highlight areas where data gaps exist and areas that are in need of 
research or restoration aimed towards reducing potential negative impacts that the threat 
places on the sucker species under consideration. At the end of this response I have 
included brief descriptions of several potential future threats that may have the ability to 
increase the extinction risk for Upper Klamath Basin sucker populations. These are not 
exhaustive descriptions and serve only to introduce the topic for further consideration and 
discussion.  
 
1. Destruction, modification or curtailment of habitat or range 
 
A. Significant and sharp population declines (Very High) 
 
The threat of significant population declines in a relatively short period of time has been, 
and continues to be, the most significant threat to the continued viability of sucker 
populations in all portions of the Upper Klamath Basin. Abatement of this threat, while 
complex, will provide the most assurance for persistent species and population existence 
(and, conversely, the prevention of short term species extinction). While this threat can be 
viewed as a trend in the species prior to listing, I view it here as a continued threat 
coincident with a number of factors discussed below.    
 
These population declines most likely coincide with fish die-offs associated with 
complex interactions between available habitat, weather, inter and intraspecific species 
interactions, algal bloom dynamics and water quality, but also have the potential to occur 
through water management activities (e.g., impoundment drawdowns) that diminish 
available preferred habitat and interact with the above listed factors. Past die off events 
have been shown to reduce adult population size and survival probability for both SNS 
and LRS populations in Upper Klamath Lake. A similar effect has probably occurred in 
other impoundments in the Upper Basin, but the data are not as extensive when compared 
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to Upper Klamath Lake. These die offs are especially alarming as they reduce overall 
population fecundity by removing (potentially selectively) the oldest, largest and most 
highly fecund individual members of the population. Successive years with significant 
die off events have the potential to greatly increase the probability of species extinction 
and this threat, coupled with already diminished population size and structure, creates a 
situation where, in and of itself, continued species listing is warranted.  
 
Research and monitoring designed to elucidate any of the numerous factors associated 
with these population declines should be a priority and efforts should be made to 
assimilate (in a central location) past research and results so that future investigations will 
have this information readily available. Any processes or sources of stress to this threat 
identified by research and monitoring should be evaluated and given the highest 
consideration for restoration or conservation. 
 
B. Lack of recruitment (High) 
 
Lack of recruitment is a threat to a given species because over time there will be no new 
individuals of reproductive age entering the population to replace older fish that have 
died or been otherwise removed from the population. Over time, this lack of recruitment 
will drive a species (or population) to extinction. A good example of this can be seen in 
the white sturgeon present in Upper Klamath Lake. This species is long lived but does not 
appear to be reproducing effectively in Upper Klamath Lake, thus as the original stocked 
fish die off no younger fish of reproductive age fish are present to replace the older fish 
and over time the population will go extinct (barring any future stockings). Lack of 
recruitment has the ability to effect the Klamath Basin sucker populations in a similar 
fashion.  
 
At this point in time, the data show that there has been recruitment into the reproductive 
population since the time of listing and this should be viewed as sign of recovery in the 
realm of recruitment. These data also show that many of the fish currently being sampled 
in the population have been born since listing, further support that some form of 
recruitment is taking place in some years and that actions taken to address this threat 
(such as the closing of unscreened diversion points on the lower Williamson River, as 
well as other screening efforts undertaken to reduce direct mortality) since listing have 
been a step in the direction of recovery. However, recruitment failure is occurring and has 
the potential to be significant, especially if it occurs simultaneously with adult die offs 
that significantly reduce the number of fish of reproductive age. Persistent recruitment 
failure of specific populations of suckers (e.g., lakeshore SNS, upper Sprague LRS) may 
be occurring presently, yet may not be well documented due to our lack of understanding 
of specifics of early life history. This recruitment failure may lead (or has already led) to 
the extinction of specific populations of sucker and the loss of genetic diversity which is 
a significant issue related to the overall species viability. 
 
Whether or not the level of recruitment we are seeing is capable to supporting the 
populations over time is unknown and the low levels should be cause for concern. Also, 
the trend in recruitment can change from one year to the next (either positively or 
negatively) and the trend we are witnessing presently can change in response to other 
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factors that influence the overall populations. Current data indicate that recruitment may 
be based around complex interactions of weather, fish community dynamics and water 
quality as well as spawning success. The research has significantly advanced our 
understanding of early life history and should be continued. Any identified actions to 
abate this threat through management action should be considered a high priority. 
 
C. Spawning habitat blocked by dams (High) 
 
The overall effect the passage barriers such as Link River and Chiloquin dams (and 
others) have had on the sucker populations is not known. Yet, they may have played a 
significant role (especially at Chiloquin) in altering the life histories and trajectories of 
some populations and should be viewed as continuing threats to population dynamics and 
habitat for the species. Chiloquin Dam functions as a partial barrier and hindrance to 
upstream movement and it functions in this capacity during the spawning runs for the 
lake species using the Sprague River and for river resident KLS that also spawn in the 
Sprague. This barrier may have altered spawning run timing, spawning location, egg 
survival, larval production and survival and early larval behavior, as well as and genetic 
composition of all three sucker species. The effects of the dam are also potentially 
significant in terms of larval emigration from locations upstream. Again, the overall 
influence of this alteration is unknown, but may be very significant.  
 
Currently, a new fish ladder has been placed at Link River Dam that will assist with 
passage of fish from Lake Ewauna/Link River into Upper Klamath Lake and this is a 
positive step towards threat abatement. A detailed assessment of the potential for dam 
removal at Chiloquin has been completed which is also a positive step. However, the fate 
of the dam is still in question and as such it remains a threat, to what degree is not known, 
but it could be a very significant factor in the long term viability of the species by acting 
as a control on the upper limit of larvae produced by the fish spawning in this area 
(referring to data that shows little correlation between spawning stock size and larval 
production). The loss of potential production from upstream spawning areas is also a 
concern. Early larval rearing behavior is yet another factor that may be negatively 
affected by the presence of this dam. Through density dependant mechanisms, the high 
numbers of larvae emerging in some locations may force some larvae to begin emigration 
earlier, or to different areas, than was the case historically. The dam may be an 
anthropogenically created selective pressure mechanism on all species of suckers in the 
system and as such may be artificially influencing the genetic and demographic 
composition of the populations in question. 
 
A strong step towards abating the threat of passage barriers to sucker populations would 
be to entirely remove Chiloquin Dam and to restore the effected area. Passage restoration, 
like that completed by BLM on Barnes Valley Creek, of minor barriers is obtainable and 
should be implemented as soon as possible. Monitoring of passage improvements should 
be carried out to asses and improve current and future passage enhancement projects. 
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D. Entrainment into unscreened diversions (Medium) 
 
Entrainment has been a large threat to larval suckers, both instream and lake habitats. It is 
also one that has seen a large amount of restoration attention since listing. Of major 
importance, the A-Canal has been screened to pass fish >30mm, representing a 
significant step towards reducing entrainment at this significant location. The screens 
effect on reducing larval (<25mm) entrainment is certainly much less than 100% and thus 
still functions to entrain significant numbers of larvae. Additionally, larvae and juveniles 
moving downstream of Link River Dam and into Lake Ewauna could, in essence, be 
thought of as being entrained at this point. The chances of survival through the summer 
poor water quality in this location are slim, thus these fish will be removed from the 
population. It is possible that many larvae and juveniles bypassed by the screen will also 
end up in Lake Ewauna and meet the same fate. Thus, restoration and management 
actions that improve water quality and habitat may assist towards increasing survival 
(reducing the threat of entrainment) at this location.     
 
Screens have also been placed on the Agency Lake Ranch diversion and in other 
locations. Certain diversion points in the lower Williamson River have also been closed. 
These restoration steps are having a positive effect on abating this threat and should be 
viewed as such. 
 
Continued efforts to identify and prioritize the hundreds of additional unscreened 
diversions are warranted and funding should be made available to continue with this 
action. With the exception of fish moving into Lake Ewauna, entrainment is a threat that 
can be substantially alleviated in the short term and should be given high priority in the 
next five years after which time it may fall to be a very low threat to the species. 
 
E. Loss of springs for spawning (High) 
 
Based on SNS and LRS tagging data, the fish spawning at lakeshore springs in Upper 
Klamath Lake represent distinct groups for their respective species. Adults spawning in 
lake do not swap to spawn in rivers and vice versa. Individuals spawning at riverine 
springs in the upper Sprague should also be viewed as a distinct subgroup of their 
respective species based on philopatry. Thus, the conservation of these distinct groups of 
spring spawning suckers should be considered a priority in developing a recovery plan 
that incorporates the full diversity of life history (possibly genetic) diversity for the 
species. The loss of any one of these groups (barring any group reestablishment) will 
represent a major loss of diversity for the species and a setback for recovery.  
 
The loss of some spring spawning locations and populations prior to listing had already 
occurred which makes the protection and restoration of remaining springs more crucial. 
The lake surface elevations called for in the 2002 Biological Opinion address the need for 
seasonal lakeshore spring inundation, although the coverage of the springs in dry and 
critically dry years is compromised to a significant degree. The amount of spawning 
habitat inundation should be reevaluated and increased during dry and critically dry 
years, if possible. This is especially important given the potential for extended periods of 
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drought in the Upper Klamath Basin that will translate into decreased spawning 
availability, success and subsequent recruitment during these periods. 
 
On-going restoration and protection of Sprague River riparian springs should be 
considered a priority for funding as they represent a distinct habitat location and provide 
refugia for upstream fish (primarily LRS and KLS), as well as inputs of high quality 
water into this system. Springs and associated riparian habitat on the Lost River, 
including Big Springs, also deserve protection and restoration. 
 
The reestablishment of new populations of spring spawning suckers should be considered 
when these efforts are coincident with restoration of a degraded or otherwise 
compromised historical spring spawning habitat. The springs on the west shore of Upper 
Klamath Lake should be considered as they exist proximate to areas of high quality water 
that may provide benefits to fish imprinted on these areas. 
 
F. Decreases in water quality (High) 
 
At present, there are no data to suggest that water quality continues to decrease in the 
range of the suckers in the Upper Basin. The current threat should be continued poor 
water quality, although the potential for further declines exist. Certainly, water quality 
plays a major role in driving the continuing threat of rapid population declines in the 
form of fish die offs, thus improvements in water quality should be considered paramount 
to abating several other threats including disease/parasites and habitat degradation. It is a 
challenge to separate out the related threats of poor water quality, algal blooms, nutrient 
loading and lack of habitat as they are all closely interrelated. Certainly, poor water 
quality is a major threat but it has as its primary driver algal blooms which in turn are 
bolstered by high levels of nutrient (pollution) that have been, and are currently, entering 
the lake environments in the Upper Basin. As such, the water quality threat is ranked 
lower than these driving threats, yet in actuality poor water quality (and disease) may be 
the direct causes of sucker mortality during the die-offs.  
 
Restoration efforts are underway to address this threat and include wetland restoration 
around Upper Klamath Lake and Agency lakes, tributary riparian restoration and 
technical assistance and incentives for landowners. Research and monitoring, including 
TMDL efforts, are also increasing the understanding of water quality patters in the Basin. 
These efforts should be continued and supported by any revised recovery plan as they can 
serve to identify priority areas for restoration. Areas identified as large sources of nutrient 
input should be of highest priority for restoration as reducing the nutrient loading to adult 
lake habitats is a crucial step in providing for the long term balancing of algal and water 
quality regimes. 
 
Federal and state water quality standards must be enforced to allow the associated 
regulatory mechanisms to function as they were intended to when created.  
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2. Over-utilization 
 
A. Sport fishery harvest (Low/Removed) 
 
The sport fishery for the Upper Basin suckers was closed in 1987 and harvest by the The 
Klamath Tribes was voluntarily closed in 1986 as a conservation measure. Thus, this 
threat should be considered abated. 
 
One other related issue is scientific handling, harassment and take of the endangered 
species. These efforts, while warranted, should be closely monitored for any negative 
impacts on the species. Of special concern are adults of specific spawning groups that 
may be of very low size, such as the SNS spawning at the Upper Klamath Lake lakeshore 
springs. If continued declines are seen in these SNS, every effort should be undertaken to 
minimize, or halt, handling stress for these fish. Utilization of other census methods 
should be evaluated and employed for monitoring purposes where feasible. 
 
3. Disease or predation 
 
A. Predation and spread of disease/parasites by exotic fishes (Medium) 
 
Very little data exist concerning the role of exotic species and their predation and disease 
effects on native suckers. Thus, this threat is one that is in need of research and the 
required support. In terms of predation, the effects may be greatest for YOY suckers 
being preyed upon by yellow perch and fathead minnows. The huge abundance and 
community domination of fatheads in some habitats is especially alarming as they may 
prey on larvae and compete heavily with both larval and juvenile suckers. Obviously, 
removal of exotic species as a threat at this point in time is unfeasible, thus monitoring of 
their population levels and influence on sucker populations should be the course of action 
carried out to determine and document the threat they pose.  Other methods to abate this 
threat may present themselves with further monitoring, yet in the short term management 
actions that reduce the prevalence of exotic fish in a given habitat is warranted.  
 
The recent data illustrating the increase in the prevalence of the ectoparasite Lernaea is 
one example of how exotic fish may be playing a role in disease harboring and transfer to 
suckers, although the role exotic species play in this increase is not soundly documented. 
The trends in this, and other, parasites and diseases deserve continued monitoring to 
assess their overall significance and impact on the viability and health of sucker 
populations. Diseased suckers are weaker and less likely to survive episodes of poor 
water quality. 
 
4. Inadequacy of existing regulatory mechanisms 
 
A. Habitat unprotected (Very High) 
 
Sucker habitat that is unprotected from degradation and elimination is a current and 
significant threat to the long term viability of all sucker populations in the Upper Klamath 
Basin. Foremost among these are water surface elevation management patterns (water 
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depth) in the lacustrine habitats that LRS and SNS occupy throughout the Basin. This 
threat will be considered aside from its associated influence on algal dynamics and water 
quality that are addressed elsewhere. The 2002 BO addresses and considers lake 
elevations as vital habitat, yet the management actions allowed for in the BO may not be 
sufficient to abate the threat of lack of preferred adult, juvenile and larval habitat in 
Upper Klamath Lake, Lost River and Gerber subbasins. 
 
Lake drawdowns expose and eliminate nearshore vegetated habitats that have been 
documented to provide habitat for high abundances of larval, and more recently, juvenile 
suckers of both species. The overall influence of this on the survival of YOY suckers is 
not fully understood, yet is most likely a combination of interactions between water 
depth, water quality, weather, and fish community dynamics. Though there does not seem 
to be a direct relationship between lake levels and either larval or juvenile production it 
should not be inferred that lake level and its impact on habitat for these life stages is not 
important for recovery and persistence of the populations. Continued research that 
examines relationships between habitat use and availability, as well as interactions with 
the above listed factors, should be fully supported.  
 
The drawdowns also decrease the extent of Upper Klamath Lake lakeshore spawning 
habitat and preferred adult non-spawning “deep water” habitat. This decrease in habitat 
availability may be exerting a strong negative pressure on the populations especially in 
dry and critically dry years by decreasing spawning success, forcing fish into less 
optimum habitats or by increasing densities in remaining preferred habitats which may 
facilitate transmission of disease or parasites.  
 
Fluvial habitats also need consideration in terms of habitat protection. Springs and 
riverine nearshore (riparian) habitats can be used by migrating and spawning adult 
suckers as well as by emigrating and rearing YOY suckers. In addition to identified 
locations, current research in the Sprague, and other locations in the Upper Basin, may be 
able to determine the extent and location of critical habitat that has not been documented 
since listing. 
  
Actions to reduce this threat are related to enforcement of current regulatory mechanisms 
(e.g., ESA, federal and state water quality standards) for public and private lands in 
relation to land use (alteration, operation, water diversion). Water management should be 
conducted in such a manner as to minimize reductions (or, conversely, maximize 
increases) in extent of larval, juvenile and adult preferred habitats, including nearshore 
vegetated habitats and adult deep water. Programs that target tributary habitats for 
restoration or other protection should be a priority. 
 
5. Other natural or manmade factors affecting continued existence 
 
A. Increased incidence of hybridization with other suckers (Low) 
 
A significant amount of research has been conducted in relation to this threat since 
listing. This research has elucidated portions of the genetic composition of the various 
Klamath Basin sucker species and populations. Based on this data, hybridization does not 
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seem to be a major threat to the short term viability of any of the species. Most likely, 
hybridization has been occurring on some level within these species (including KLS and 
KSS) since their colonization and isolation within the Klamath Basin. We do not have 
enough information to justify this process as a current or major threat (with an exception 
discussed below) as there is no way to determine if the degree or rate of hybridization has 
changed in recent years.  
 
It should not be inferred, however, that the genetic diversity, regardless of hybridization, 
that the research has revealed should not be recognized and conserved. The genetically 
distinct races of LRS in Upper Klamath Lake and Clear Lake should be considered 
separate groups in terms of conservation strategy. Although genetic analyses have not 
shown SNS to be distinct from KLS in areas other than the Upper Williamson River, the 
morphological and life history differences between the two in other locations are 
significant enough to warrant separate species designation, or at the very least, separate 
conservation status and management. Furthermore, populations of fish spawning at 
lakeshore and riverine spring locations and those who spawn in mainstem riverine 
locations should be considered distinct and conserved accordingly. Placing emphasis on 
the populations of SNS and LRS suckers that exhibit the broadest degree of life history, 
morphological and genetic variability will allow for conservation of the greatest degree of 
diversity which will be positive step towards long term species (population) viability and 
persistence. At this time it is fully possible that certain genetically distinct populations of 
suckers have already been lost, such as the large headed SNS morph seen in early 
collections, and that genetic viability for this species has been lost along with this 
distinctive morph. SNS hybridization with KLS may have played a role in this loss, 
although habitat destruction and alteration were most likely also involved.  
 
An exception to the low threat rank of hybridization lies with anthropogenic alterations to 
the various habitats SNS and LRS occupy that may be exerting selective pressures on the 
species. The potential for increased rates of hybridization through the concentration of 
spawning effort is one route where this may occur. The increased spawning densities 
below Chiloquin Dam (and related larval behavior and survival), entrainment of larvae in 
various locations and lack of historic habitats and connectivity between these habitats are 
other examples where population selectivity may be currently occurring. Increased 
abundances of hybrids that have a higher rate of survival in this altered system may be 
artificially influencing the genetic composition of the various populations by driving 
adaptation to the altered habitats. These alterations, as well as others, that have the ability 
to significantly influence species survival probability and selectivity should be 
documented and evaluated and if seen to be influencing the genetic situation should be 
ranked at a higher threat level (high or medium).  
 
B. Blue-green algae blooms (Very High) 
 
Massive blooms of the blue-green algae Aphanizomenon flos-aquae and their associated 
influences on water quality, extent of preferred habitat and fish condition have been, and 
continue to be, a major threat to the short and long term viability of the sucker species by 
increasing the probability of widespread fish die offs. Actions that work to alleviate this 
threat should be considered a top priority of a revised recovery plan. The incredible 
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growth and biomass of the algae, coupled with its population crash, are primary drivers 
for the poor (low D.O., high pH, high ammonia) and widely fluctuating water quality 
situation that has been documented as being highly detrimental to the lake sucker 
populations. 
 
Several restoration activities undertaken since listing have served to begin the process of 
decreasing the amount of external nutrient loading while increasing the extent of wetland 
and riparian habitat. The restoration of the latter habitats may provide multiple habitat 
benefits in additional to decreased nutrient input. Monitoring of water quality, algal 
production, fluvial nutrient levels and sources, lake hydrology, and fish behavior have 
greatly increased since listing and have yielded a strong foundation for future research 
and monitoring that can address more specific aspects of the algal blooms and their 
impacts. These monitoring programs should be a priority in the future and have as a goal 
the identification very specific steps for alleviating the threat, including benchmarks 
related to recovery. 
 
C. Die-offs during hot or dry years (Very High) 
 
Largescale fish die-offs, regardless of water year type, have been and continue to be a 
major threat to the short and long term viability and persistence of the two sucker species. 
This issue was discussed under section 1A of this response (significant and sharp 
population declines). Restoration aimed at reducing external nutrient loading and 
increasing wetland and riparian habitats are a positive step currently being taken to 
address this major threat through their cumulative impacts on water quality, habitat, algal 
dynamic and fish survival. 
 
D. Pollution of Upper Klamath Lake and low inflows caused by diversions 
(Medium, Low) 
 
This threat can be viewed more clearly as two separate threats, pollution and low inflows.  
 
Pollution of water and sediments in habitats occupied by suckers is on-going and, 
although restoration is currently underway, has not decreased the input to levels where it 
is not a continuing threat. Many of the chemicals (e.g., organochlorates, phosphates) 
applied in association with agricultural practices persist for long periods of time in the 
locations of application, but also in areas where affected sediments concentrate, such as 
lake bottoms. As such, this threat is a threat to the long-term viability of the sucker 
populations through its stimulatory relationship with lake algal dynamics. Regulatory 
mechanisms that limit the types, amounts and application process of the compounds in 
general will be the most effective method to abate this threat. Restoration of wetland, 
riparian and upland habitats can also be effective tool towards alleviating this threat and 
the actions taken since listing in this arena are fully warranted and in need of continued 
support. Water quality and land use regulations that address these compounds are another 
positive aspect related to threat abatement but need vigilant enforcement. Further, 
agricultural best management practices that reduce overall inputs of these compounds are 
a highly recommended step that will accelerate recovery away from this threat.  
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Low inflows caused by diversions remains a low threat to the suckers through its relation 
to Upper Klamath Lake, and other, lake surface elevations. The adjudication process 
currently underway in the Upper Basin will assist with this situation to some degree yet 
the threat this practice poses to suckers will not be abated with completion. The potential 
threat of low inflows will be exacerbated during drought periods when the total amount 
of water available for both agricultural and fish habitat is diminished.  
 
Restoration of habitat that focuses on improving water retention and storage is currently 
underway and is a positive action being taken towards recovery. Conservation practices 
that maximize water conservation efficiency are warranted.    
 
E. Exotic fishes (fathead minnow and yellow perch) (Medium) 
 
Both of these exotic fish species were present at listing and continue to persist in all 
habitats occupied by LRS and SNS in the Upper Basin. Their population levels have been 
shown to fluctuate over time, yet are not necessarily more abundant currently than in the 
past. The interactions between these fish and suckers are poorly understood, but most 
likely both species are predators and competitors with them, especially during the larval 
and juvenile stages. These interactions have the potential to greatly negatively affect 
YOY recruitment of the suckers and this is perhaps the largest threat faced by the 
presence of these exotic species. Disease transfer is another potential negative aspect 
posed by exotic fish. 
 
It should be noted that the suckers have been coexisting with several species of exotic 
fish (including the above species, and additionally pumpkinseed, largemouth bass, 
bluegill, Sacramento perch) since the 1930s and that these interactions, while most likely 
negative, are probably not be the root cause of the sucker species declines.  
 
Little effort has been made to abate this threat since listing and it is recommended that 
more attention be given to investigating the potential predation and competitive 
influences that these two species (and others) exert on the suckers. While eradication is 
not possible, management actions that can reduce the abundance and persistence of these 
species in habitats occupied by suckers, especially larvae and juveniles, will assist in the 
overall recovery process.  
 
Potential Future or Currently Evolving Threats 
 
1. Human population growth and associated infrastructure development 
 
The projected human population growth estimates for the United States and the state of 
Oregon indicate that significant increases in human population can be expected in the 
next 50 years. That this increase will be realized in the Upper Klamath Basin is almost 
certain. To what extent the Basin will incur population growth is unknown as are its 
effects on the Basin’s sucker populations. Land use zoning and open space planning will 
be key attributes necessary to minimize the effect of this threat to the suckers. Increased 
consumptive water use and pollution related to this growth have the potential to be 
detrimental in terms of species conservation. 
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2. Global Climate Change 
 
Climate change has the potential to drastically alter global, and Upper Klamath Basin, 
weather and precipitation patterns that could potentially have severe negative impacts on 
the Basin’s sucker populations by reducing water availability. Periods of drought 
coincident with increased air temperatures, decreased snowpack and groundwater 
storage, and altered runoff patterns may serve to create a template for heightening the risk 
for species decline and extinction. 
 
3. Changes to and elimination of regulatory mechanisms 
 
The alteration of, or withdrawal, of existing regulatory mechanisms such the Endangered 
Species Act, Clean Water and Air acts, etc., may have adverse impacts on the sucker 
populations by eliminating legal protection for these species. Without these in effect, 
adequate protection of sucker habitat may not be possible. 
 
4. Changes in agricultural practices 
 
Changes in agricultural practices (e.g., large-scale conversion to groundwater pumping) 
in response to economic, political or environmental factors may pose a threat to sucker 
populations by changing water availability and groundwater flow patterns in the Basin. If 
possible, the potential for these future conversions should be planned for in advance and 
planned as to minimize their effects on sucker habitat.         
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Larry Dunsmoor 
Senior Aquatics Biologist 
The Klamath Tribes 
 
Status of Shortnose and Lost River Suckers in the Upper Klamath Basin 
Contributions to the Independent Science Review Panel 
 
 
The Independent Science Review Panel (ISRP) was convened by the US Fish and 
Wildlife Service (USFWS) in the spring of 2005 to review ecological information 
relevant to the status of shortnose (Chasmistes brevirostris) and Lost River (Deltistes 
luxatus) suckers.  I begin here by considering changes in risk factors included in the 
original listing, and then proceed with my views of the present status of these species.  
Due to serious time constraints, I rely heavily upon information presented to the ISRP 
over several meetings, and do not extensively cite the available literature.  I am assuming 
that much of the ground I cover is well known to USFWS (indeed, it is extensively 
summarized in multiple Biological Opinions), and therefore I reserve the effort required 
to exhaustively summarize the literature for other pressing needs. 
 
Risk Factors Identified in the Original Listing 
 
Here I succinctly state my conclusions regarding the applicability and present nature of 
the risk factors included in the original listing. 
 
1. Significant and sharp population declines:  Clearly a serious threat at the time of 

listing, it remains so today (see the Present Status section). 

2. Lack of recruitment:  Demographics at the time of listing showed a long term lack of 
recruitment.  Since the listing some recruitment has occurred, coincident with the loss 
of most large, older fish.  It remains to be seen whether recruitment since listing is 
sufficient, in the face of high adult mortality rates, to produce a diverse age structure 
with the reproductive capacity to sustain the species.  Recruitment dynamics and 
population demography as a whole is a critical uncertainty that must receive more 
attention in the near future. 

3. Spawning habitat blocked by dams:  While there are many dams in the Lost River 
portion of the basin that completely lack fish passage facilities, the emphasis in the 
original listing was placed upon the Chiloquin Dam.  Chiloquin Dam has had a 
variety of ladders over time, and at times has been a complete blockage to spawning 
runs as ladders deteriorated or failed.  However, at the time of listing, this risk was 
overstated by concluding that the Chiloquin Dam eliminated access upstream 
spawning habitat.  Subsequent work has shown that both shortnose and Lost River 
suckers are able to pass through the ladder.  However, it is virtually certain that the 
dam and its ladder pose a hindrance to upstream passage that likely delays fish 
movements upstream and results in failure of some fish to pass.  Some have 
speculated that removal of the dam will result in a rapid resurgence of upriver 
populations.  Obvious benefits to removal of the dam (e.g., gravel recruitment to 
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important spawning grounds downstream, elimination of hindrance to passage, 
restoration of riverine habitat now under the reservoir) must be tempered by the 
extent to which spawning and rearing habitats have been degraded upstream of the 
dam.  Finalized plans for removal of the Chiloquin Dam, and consensus that it is a 
good thing to do, cannot be a basis for making decisions about species status.  Actual 
response of the species to dam removal is the only appropriate metric in this regard. 

4. Entrainment into unscreened diversions:  Many unscreened diversions existed at the 
time of listing.  The A-Canal entrained large numbers of suckers each year, but has 
subsequently been screened.  Entrainment of larvae and early juveniles continues at 
the A-Canal, however, and so is still removing many fish from the Upper Klamath 
Lake system.  Regardless, entrainment seems to be much less important than factors 
like the hypereutrophication of Upper Klamath Lake and the associated water quality 
issues. 

5. Loss of springs for spawning:  Clearly a factor in the decline of these species, perhaps 
more so for Lost Rivers, nothing has changed since the listing. 

6. Decreases in water quality:  Arguably the single most important factor in the species’ 
decline, and the most daunting challenge to recovery, little has changed since the 
listing.  We now know it to be even more important than was known at the time of 
listing, and that it will require significant time and effort to surmount. 

7. Sport fishery harvest:  Excessive harvest of adults during spawning was clearly a 
problem at the time of listing, imposing additional adult mortality on populations 
already struggling with the consequences of hypereutrophication and large-scale 
habitat loss and manipulation.  Harvest was suspended at the time of listing, and 
remains so. 

8. Predation and spread of disease by exotic fishes:  While I am unaware of any 
information implicating diseases spreading from exotic fishes with the status of these 
suckers, predation is another issue.  Fathead minnows likely impact larval suckers in 
Upper Klamath Lake nursery habitats.  Largemouth bass and yellow perch likely pose 
significant risks to larvae and juvenile rearing or migrating in the Sprague River 
above Chiloquin Dam. 

9. Habitat unprotected:  This category actually refers to the adequacy of existing 
regulatory mechanisms, and the situation is unchanged from the time of listing.  
Nether state has authority to regulate actions of federal agencies that impact habitat of 
the suckers. 

10. Increased incidence of hybridization with other suckers:  Much work has been done 
on this since the listing, and is discussed more fully below.  Suffice it to say that these 
species do not appear to be threatened by hybridization. 

11. Blue-green algae blooms:  A direct consequence of hypereutrophication, blooms are 
as bad now as they were then.  Reduction in the magnitude of cyanobacteria blooms 
should be a primary driver of management and restoration in the Klamath Basin.  
Some restoration projects presently planned (e.g., large-scale wetland restoration on 
the lower Williamson River delta) may provide benefits.  However, these projects 
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have not yet been done, and their outcomes remain speculative, and insufficient to 
inform decisions regarding status. 

12. Die-offs during hot or dry years:  Since the listing, we have learned that fish kills are 
not restricted to hot or dry years.  Rather, water quality conditions are such that they 
can happen in any year.  The most important element here in regard to sucker status is 
that at least three major fish kills occurred in Upper Klamath Lake since the listing.  
Although documentation of fish kills is spotty historically, it appears that frequency 
of large kills has increased since the time of listing. 

13. Pollution of Upper Klamath Lake and low flows caused by diversions:  Long-term, 
elevated nutrient loading (pollution) to Upper Klamath Lake is the cause of its 
hypereutrophic status, and the severe water quality conditions that result.  
Management of water elevations in Upper Klamath Lake remains controversial, and 
lake elevation is determined in part by inflows (which can be diminished by upstream 
diversions) and outflows (at the A-Canal and Link River Dam).  Suffice it to say here 
that water elevation in Upper Klamath Lake is biologically significant for many 
reasons, and the way in which it is managed has serious implications for listed 
suckers. 

14. Exotic fishes (fathead minnows and yellow perch): I discussed this in number 8 
above. 

 
Present Status 
 
The American Fisheries Society recently established a set of criteria for describing risk to 
marine fish species (Musick 1999).  The reasoning behind these criteria had little to do 
with the distinguishing between marine and freshwater species, but rather focused on 
providing a reasonable alternative to criteria like those used by the IUCN, which are most 
applicable for strongly K-selected species.  It makes sense to use the AFS criteria for r-
selected species with long life spans, whether marine or freshwater.   I apply the AFS 
criteria to shortnose and Lost River suckers here, and suggest that USFWS use these 
criteria in lieu of IUCN criteria, many of which are clearly not applicable to these 
species.   
 
The first step is to categorize a species in terms of its productivity, using the lowest 
productivity category for which data are available in Table 1.  No reliable estimates are 
available for r or k at present, for either shortnose or Lost River suckers.  Both species 
clearly exceed the 10,000 egg threshold for High productivity (250 mm shortnose 
produces 10,000 eggs, and virtually all recruits are larger than this; Lost Rivers produce 
60,000+ eggs at first maturity).  Shortnose suckers could arguably fall on the boundary 
between Medium and Low for the age at first maturity; Lost Rivers clearly fall in the 
Low category for this parameter.  Shortnose fall in the Low category, and Lost Rivers in 
the Very Low category, for life span.  Therefore, for the purpose of identifying thresholds 
of population decline that may overwhelm the resilience of the species, shortnose fall into 
the Low Productivity category, and Lost Rivers into the Very Low Productivity. 
 
 



124 PANEL ASSESSMENTS SECTION 8 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 

 
 
 
Table 1.  Productivity index parameters from Table 3 in Musick (1999). 
 

Parameter High Medium Low Very low 
Intrinsic rate of increase, r >0.50 0.16-0.50 0.05-0.15 <0.05 
Von Bertalanffy k >0.30 0.16-0.30 0.05-0.15 <0.05 
Fecundity at first maturity >104 102-103 101-102 <101 
Age at maturity <1 yr 2-4 yr 5-10 yr >10 yr 
Life span (maximum age) 1-3 yr 4-10 yr 11-30 yr >30 yr 

 
 
After defining the species’ productivity, the next step is to evaluate population decline 
(over the longer of ten years or three generations) relative to thresholds for declines by 
productivity category identified in Table 4 of Musick (1999).  The threshold for Low 
Productivity species is 85%, and 70% for Very Low Productivity.  Species with declines 
exceeding these thresholds are automatically classified as vulnerable, and experts 
subsequently determine status. 
 
Two lines of evidence can help assess the relative magnitude of population declines for 
these species.  First, the adult abundance index from sampling in the lower Williamson 
River from 1995 to the present yields trend information indicating declines of 86% for 
shortnose and 78% for Lost Rivers as of 2003, relative to the first index year (Figure 1).  
Three sequential fish kills in 1995-97 drove the abundance indices to 91% and 97% of 
the 1995 levels for shortnose and Lost Rivers, respectively, by 1998.  Second, I applied 
estimates of annual survival (Rip Shively, USGS Klamath Falls Field Station, personal 
communication) for females of both species to a hypothetical population (starting at 
20,000 females and assuming no recruitment), generating declines similar in both pattern 
and magnitude (89% for shortnose, 79% for Lost Rivers) to those in the abundance index.   
 
Neither approach provides rock solid estimates of population decline.  The abundance 
index relies upon cumulative CPUE data, which contains variation and bias associated 
with the amount and timing of effort expended year to year, flow conditions in the river, 
and other factors common to field work.  Annual survival estimates have wide confidence 
intervals resulting from low probability of recapture, among other things.  Despite the 
shortcomings of each approach, however, both indicate that these species have declined 
sharply since 1995.  Absent other compelling information, I conclude that shortnose and 
Lost River suckers both merit vulnerable status under these criteria. 
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Figure 1.  Population trajectories of shortnose (a) and Lost River (b) sucker runs in the 
Williamson River.  Abundance indices measured during adult monitoring in 
the lower river are presented as percentages of their 1995 values (solid lines).   
Trajectories of hypothetical populations of 20,000 females in 1995 which 
experience measured annual survival rates without recruitment are also 
presented as percentages of their 1995 values (dashed lines). 

 
After a species is categorized as vulnerable, subsequent listing decisions are to be made 
after consideration of all available biological information, with special consideration 
given to the following risk factors. 

1. Rarity: this risk factor refers to species whose distribution and biology is largely 
unknown, such that the species is known to exist only because of infrequent 
detection in collections.  As such, it is not applicable to the species considered 
here. 

2. Small Range and Endemics: Quoting from Musick (1999), “species that are 
endemic or restricted in range to some relatively small, contiguous geographic 
entity (i.e., island, archipelago, river system, etc.) in which habitat is or may be 
under threat of degradation or destruction should be classified as vulnerable.  
Where significant habitat loss has occurred or is occurring, such species would be 
classified as threatened or endangered.”  Both shortnose and Lost River suckers 
are endemic to the Upper Klamath River basin, in which degradation and 
destruction of primary habitats has been prolonged and severe.  Consider a few 
examples pertinent to the Upper Klamath Lake populations: spawning habitat has 
been degraded (e.g., upper Sprague River and tributaries, Sucker Springs, Sprague 
River below Chiloquin Dam); access to spawning areas has been restricted (e.g., 
Chiloquin Dam) or eliminated (e.g., Barkley Springs); spawning populations have 
been lost (e.g., Harriman Springs, Sevenmile Creek, Barkley Springs) or reduced 
(e.g., Wood River and tributaries, upper Sprague River and tributaries);  non-
native species (largemouth bass, yellow perch, fathead minnows, etc.) occupy 
some important spawning and rearing habitats, where they may be exerting 
significant predation pressure on early life stages (e.g., upper Sprague River, 
Upper Klamath Lake);  availability and distribution of nursery and rearing 
habitats associated with emergent marsh edges have been greatly reduced;  

Shortnose Suckers

0%

25%

50%

75%

100%

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Pe
rc

en
t o

f v
al

ue
 in

 1
99

5

Females without recruitment Abundance Index

Lost River Suckers

0%

25%

50%

75%

100%

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Pe
rc

en
t o

f v
al

ue
 in

 1
99

5

Females without recruitment Abundance Index

ba



126 PANEL ASSESSMENTS SECTION 8 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 

cultural hypereutrophication of Upper Klamath Lake results in stressful water 
quality conditions each year, causing large fish kills at times, and at other times 
(most summers) forcing redistribution into refuge areas.  Similar lists can be made 
for the Lost River portion of the basin, but the point has been made – clearly, 
these species are facing significant risks associated with habitat degradation and 
destruction. 

3. Specialized Habitat Requirements:  This factor applies to species using specific 
habitats within their range that make them particularly vulnerable to degradation 
or loss of key habitats.  In Upper Klamath Lake, adults of each species tend to 
summer in the northern half of the lake, tending to concentrate in the deeper areas 
off the mouths of Ball and Shoalwater Bays.  Water quality conditions 
periodically force these fish to redistribute themselves, an undesirable situation 
that amounts to degradation of key adult habitat.   

 
Under the AFS criteria (Musick (1999), endangered means a “high risk of extinction in 
the wild in the immediate future (years)”, and threatened means “not endangered but 
facing risk of extinction in the near future (decades)”.  Under the ESA, an endangered 
species is defined as a “species that is in danger of extinction throughout all or a 
significant portion of its range”, and a threatened species as any “that is likely to become 
an endangered species within the foreseeable future throughout all or a significant portion 
of its range” (50 CFR§424.02).  What is the risk of extinction for the listed suckers? 
 
I answer this question using the Lost River sucker population spawning along the eastern 
shore of Upper Klamath Lake as an example.  Figure 2 shows length frequencies for this 
population from years in which sufficient length data exist (Rip Shively, USGS Klamath 
Falls Field Station, personal communication).  In 1987-89, the population was comprised 
of older, larger fish.  In contrast, in 2004 the population is comprised almost exclusively 
of younger smaller fish.  For long-lived species like these suckers, I am uncomfortable 
seeing either demographic extreme; a healthy, viable population should exhibit a 
significant presence of size/age classes across its potential life span.   
 
Figure 2 shows a population that completely lacked recruitment moving to one that 
cannot sustain older fish.  A similar but less extreme pattern is exhibited for shortnose 
suckers in Figure 3.  One way to approximate mean post-recruitment life span was 
presented by Eric Janney (USGS Klamath Falls Field Station) as ln(mean annual 
survival)-1;  calculating mean life span for each species based on estimated annual 
survival since 1995 indicates that mean life expectancy for adult female shortnose is 5 
years, and 6 years for adult female Lost Rivers.  Mean annual survival must hover near 
0.95 for female Lost River suckers to realize an average life span of 25 years post-
recruitment.  If we continue to experience widely varying annual survival, these species 
cannot attain their full life spans, and when females cannot live out full lives (i.e., realize 
their full reproductive capability), the odds that they will successfully replace themselves 
diminish.   
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Figure  2.  Size structure of female Lost River suckers from the Upper Klamath Lake 

springs spawning run (Rip Shively, USGS Klamath Falls Field Station, 
personal communication). 
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Figure 3.  Size structure of female shortnose suckers from the Williamson River 
spawning run (sampled in the lower Williamson River) from March – May 
(Rip Shively, USGS Klamath Falls Field Station, personal communication). 
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Table  2.  Trajectories of female numbers and eggs in a hypothetical population of Lost 
River suckers.  Initial number of females was set at 20,000, with the size 
structure from the 1999 Upper Klamath Lake springs population.  Population 
was decremented annually based on USGS annual survival estimates.  Number 
of eggs per size class was calculated based on number of females and USGS 
length-fecundity relationships. 

 

Year
Apparent annual 

survival Number of females Number of eggs
Percentage of initial 

population
Percentage of initial 

number of eggs
1999 0.973 20,000 2,065,829,699 100% 100%

2000 0.953 19,460 1,913,562,048 97% 93%

2001 0.944 18,545 1,764,857,841 93% 85%

2002 0.970 17,507 1,711,800,752 88% 83%

2003 0.749 16,982 1,728,940,249 85% 84%

2004 12,719 1,337,281,580 64% 65%  
 
Using size structure and length-fecundity relationships for spring-spawning Lost Rivers, 
Figure 4 illustrates the significantly greater reproductive potential residing in the larger, 
older females.  As the older females died out after 1999, the entire reproductive potential 
shifted to the younger, smaller fish by 2004.  Assuming an initial population size of 
20,000 females decremented annually by USGS survival estimates and no recruitment, by 
2004 the reproductive capacity of the population diminished to 65% of that in 1999 
(Table 2).  Of course, the assumption about recruitment is an extreme one and incorrect 
here, since some recruitment is occurring (although I would argue that it is not occurring 
at a substantial magnitude); the intent here is to illustrate the impacts of population size 
and size structure on reproductive potential.  A similar analysis for shortnose illustrates 
the impact of the fish kills on reproductive potential (Table 3). 
 
Table  3.  Trajectories of female numbers and eggs in a hypothetical population of 

shortnose suckers.  Initial number of females was set at 20,000, with the size 
structure from the 1995 Williamson River spawning population.  Population 
was decremented annually based on USGS annual survival estimates.  Number 
of eggs per size class was calculated based on number of females and USGS 
length-fecundity relationships.  

 

Year
Apparent annual 

survival Number of females Number of eggs
Percentage of initial 

population
Percentage of initial 

number of eggs
1995 0.847 20000 570,445,934 100% 100%

1996 0.432 16940 442,987,990 85% 78%

1997 0.554 7318 224,896,511 37% 39%  



130 PANEL ASSESSMENTS SECTION 8 

Lost River Sucker Females Spawning in UKL Springs

1999

0.00

0.05

0.10

0.15

405 455 505 555 605 655 705 755 805 855

2000

0.00

0.05

0.10

0.15

405 455 505 555 605 655 705 755 805 855

2001

0.00

0.05

0.10

0.15

405 455 505 555 605 655 705 755 805 855

2002

0.00

0.05

0.10

0.15

405 455 505 555 605 655 705 755 805 855

2003

0.00

0.05

0.10

0.15

405 455 505 555 605 655 705 755 805 855

2004

0.00

0.05

0.10

0.15

405 455 505 555 605 655 705 755 805 855

Females
Eggs

Fr
eq

ue
nc

y

Midpoint of 10 mm Fork Length Class

Figure 4.  Frequency of females and eggs relative to body size and abundance in a 
hypothetical population of Lost River suckers.  Female numbers were 
decremented annually based on USGS annual survival estimates from an initial 
abundance of 20,000.  Measured size frequency distributions from the Upper 
Klamath Lake spring spawning population was used to calculate number of 
eggs by size class based on length-fecundity relationships (Rip Shively, USGS 
Klamath Falls Field Station, personal communication). 
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Perhaps the clearest way to assess risk to these species is to consider what might have 
happened if there had been no strong year class formation in 1991.  Adult population of 
both species were severely depressed in the late 1980s and early 1990s, and then the 
severe fish kills of 1995, 1996, 1997, followed by stressful conditions in 1998, dropped 
spawner abundance indices in 1999 to 9% (shortnose) and 3% (Lost Rivers) of their 
values in the spring of 1995.  Without the pulse of recruitment from 1991, these 
populations may have been extinguished by the fish kills.  It is obvious that we can 
expect fish kills to continue until algal biomass is reduced in Upper Klamath Lake, and 
predicting the course of future recruitment is not possible.  From this perspective, it is not 
possible to conclude that extinction risk is not high for both species in Upper Klamath 
Lake. 
 
Overall 
 
In Upper Klamath Lake, summer-time water quality is dangerously poor for adult, sub-
adult, and juvenile suckers.  Since these life stages dwell in the lake through the entire 
summer, they are at risk for weeks to months each year.  USGS radio-telemetry work 
shows that the adults re-distribute themselves in response to very low dissolved oxygen 
concentrations, with much of the population packing into the interface between Upper 
Klamath Lake and Pelican Bay.  It may well be that the size of this (and other) refuge 
areas impose a carrying capacity bottleneck on the species.  That is, as populations 
increase, density of fish in the refuge areas increases to the point where crowding and 
marginal water quality conditions stress the fish, making ideal conditions for the 
epidemic spread of disease resulting in large fish kills.  If this is true, then as long as 
water quality conditions persist as they are, the annual risk of major fish kills is high, and 
sucker population gains from intermittent years of lower stress cannot be counted upon to 
translate into a sustained increase in reproductive capacity. 
 
Viewing things over a longer time scale, this annual cycle of high summer-time stress 
results in high cumulative annual adult mortality rates.  Long term viability of these 
species resides largely in the ability of females to consistently live long enough to attain 
large body size.  Large females have far greater fecundities than do small females, so the 
main reproductive capacity of these species lies in older, larger females.  When adult 
mortality rates increase to the point at which old, large females are extremely rare or 
absent, the situation becomes serious and long term viability questionable.  When 
additional increases in mortality rates are imposed on early life history stages (larvae, 
juveniles, and sub-adults), the situation becomes even more grim.  A life history model 
would be very useful in parsing out the likely relative and cumulative impacts of 
mortality rates at the various life history stages, but is not presently available.  Overall, it 
appears that each life stage has experienced increased mortality rates over the natural, 
pre-development condition, with the net result of decreasing the expected lifespan of 
individuals.  Combined with intermittent recruitment, it is difficult to envision this 
species recovering to the point of down- or delisting under present conditions. 
 
 
Taxonomic status 
 



132 PANEL ASSESSMENTS SECTION 8 

Both genotypic and phenotypic information provide important insight into taxonomic 
status of our suckers.  Lost River suckers are clearly distinguishable from other suckers 
using both categories.  The situation is not so clear-cut with shortnose suckers, however.  
Genetic work to date has yet to reveal consistent genotypic differences from Klamath 
largescale suckers. Despite the hard work put into the genetic efforts, less than 1% of the 
genome has been analyzed, making it impossible to conclude that shortnose and Klamath 
largescales should not be considered as separate taxa.  Conversely, phenotypic 
differences between Klamath largescales and shortnose are clear in the Upper Klamath 
Lake system, both in terms of body morphology and spatial/temporal distribution of 
spawning runs.  Therefore, shortnose should continue to be considered as a separate 
taxon, and managed accordingly.    
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Charles H. Hanson, PhD 
Hanson Environmental, Inc. 
 
Summary of Findings Regarding the Independent Scientific Review Panel  
Assessment of the Status of Klamath Basin Suckers 
2005 Five-year Review 
 
 
Based upon a review of the best available scientific information regarding the abundance, 
population dynamics, genetics, taxonomy, and threats to the continued existence of 
Klamath Basin suckers, my findings of the 2005 status review include: 
 
• Sucker life history is variable and complex.  Multiple interacting factors including 

physical, biological, and climatic conditions pose threats to the species within and 
among years.  Although positive management actions are being identified and 
implemented, threats to the species continue to exist at Upper Klamath Lake. 

 
• Seasonal water quality conditions and habitat quality and availability within 

Upper Klamath Lake continue to affect survival of both the early life stages and 
adult suckers. 

 
• Upper Klamath Lake sucker populations have experienced a long-term trend of 

declining abundance and changes in age class structure.  Although there is 
evidence of recent reproduction and recruitment, abundance and age class 
structure have not recovered to pre-listing status. 

 
• Interdisciplinary scientific investigations are being conducted that provide 

valuable new insight into population dynamics and risks; however these studies 
will require a multi-year investigation and are currently inconclusive.  I support 
these continuing interdisciplinary investigations. 

 
• Changes in habitat conditions and population status occurred over a number of 

decades.  As a result of the longevity and life history of suckers, recovery at 
Upper Klamath Lake will be a long-term process. 

 
• Threats at Upper Klamath Lake identified at the time of listing appear to be valid 

based on a review of the best scientific information currently available.  Although 
several of the threats identified at the time of listing have been reduced or 
eliminated (e.g., mortality associated with the recreational snag fishery and 
entrainment into the A-Canal through construction and operation of a positive 
barrier fish screen) threats from adverse water quality, disease, and habitat 
alteration continue to affect the survival and abundance of suckers. 

 
• Sucker populations inhabiting Clear Lake and Gerber Reservoirs are currently 

independent of the Upper Klamath Lake and riverine populations.  Populations 
inhabiting the reservoirs appear to be more robust with greater relative abundance 
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when compared to the Upper Klamath Lake populations; however detailed 
information on the population dynamics and factors influencing abundance, 
reproductive success, growth, and survival of these populations is continuing to 
be collected.  

 
• New information regarding taxonomic status, genetics and hybridization, 

population dynamics, and threats indicate that the status and management of the 
species, including recovery planning, would be improved by redefining the ESU 
to recognize differences among distinct population segments (e.g., Upper Klamath 
Lake, Gerber and Clear Lake, etc.). 

 
• Suckers are tolerant of adverse water quality conditions (e.g., elevated water 

temperature and pH, and depressed dissolved oxygen concentrations, etc.); water 
quality conditions are highly variable geographically within and among years.  
Exposure to adverse water quality conditions within Upper Klamath Lake during 
summer months has contributed to direct mortality of suckers. 

 
• Based upon the best available scientific data, it appears that the populations 

continue to warrant protection under the ESA.  No changes in the current listing 
status of the Klamath basin populations are recommended at this time. 
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Douglas F. Markle 
Oregon State University 
25 June 2005 
 
Status Review of Lost River Sucker and Shortnose Sucker for the 2005 Independent 
Scientific Review Panel: Individual Review  

 
 

Overall Evaluation 
Lost River suckers in Upper Klamath subbasin differ morphologically from Lost 

River suckers in Lost River subbasin and there is a suggestion of genetic differences as 
well. Both groups of Lost River suckers and the species as a whole should be considered 
endangered. 

Shortnose suckers are difficult to distinguish form non-listed Klamath largescale 
suckers and no species-wide genetic differences between these species have been found 
to date. In Upper Klamath subbasin, morphological and ecological differences exist 
between these two species so the two species can be recognized in that subbasin. In Lost 
River subbasin, identification is very difficult and morphological features suggest there is 
a hybrid swarm. Shortnose suckers in Upper Klamath subbasin should be considered 
endangered. It is not clear if the listed taxon exists in Lost River subbasin.     

Responses/comments to threats identified in the original listing are below. 
 

1. Significant and sharp population declines 
 

Current Threats 
Both species appear to have lost the large old individuals that made up the 

population at the time of listing. Populations of both species in Upper Klamath Lake 
(UKL) are now younger on average (<15 yr versus >15 yr at listing). The current age 
structure has to be viewed positively since the alternative to this shift in age structure 
would have been extinction. The primary threat to the species in UKL is adult fish kills 
that might reduce adult population size, prevent individuals from attaining old age, and 
keep the age structure shifted to young individuals. 
 
Actions Needed to Address Current Threats  

Fish kills appear to be due to water quality and weather conditions: warm 
summers, especially August, coupled with anoxic conditions appear to stress fish such 
that endemic diseases overwhelm the fish’s immune system. There is a need to 
understand climate and weather cycles and adjust management accordingly. For example, 
we should manage with greater caution during warm cycles than cool cycles. 
 
Possible Future Threats and What Needs to Be Done to Address Them 

Global climate change could raise a significant barrier to recovery. Few local 
options are available to mitigate such a threat.  
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2. Lack of recruitment 
 

Current Threats 
There is strong evidence of recruitment since 

listing and closing of the fishery (attached from 
Markle and Cooperman 2002), but there is also no 
evidence of a stock-recruit relationship. Since 1995, 
years with high larval production have occurred with 
the lowest and highest spawner stock sizes. Since 
routine sampling began in 1995, only 2 of nine years 
had a combination of good larval production and low 
larval mortality (1996 and 1999). Only one of those years, 1999, also had low juvenile 
mortality. Thus, production and summer conditions are both important aspects of 
recruitment.  

 
Actions Needed to Address Current Threats  

The absence of a stock –recruit relationship may be an indication of saturation of 
limited spawning grounds below Chiloquin Dam. Removal of the dam should indicate if 
spawning ground saturation has been a serious production problem.  

The best summer conditions were associated with cool August temperatures and 
higher August lake elevations.  

 
3. Spawning habitat blocked by dams 

See above. Primary threat is to be removed 
 
4. Entrainment into unscreened diversions 
 

Current Threats 
Primary threat of entrainment has been addressed through screening of the A-

Canal. The new system diverts young suckers to Lake Ewauna and the Klamath River, 
areas that may have historically supported this life stage of suckers. Currently, large areas 
of Lake Ewauna and the Keno Reach of the Klamath River are anoxic in summer, support 
large numbers of exotic fishes, and cannot support suckers. 

 
Actions Needed to Address Current Threats  

Efforts to reduce total oxygen demand are needed. 
 

5.  Loss of springs for spawning 
 

Current Threats 
There has been a long term decline in the number of sucker spawning groups of 

both species using in-lake springs. The number of in-lake spawning adult shortnose 
suckers is well below 1000 and their existence is in extreme jeopardy. 
 
Actions Needed to Address Current Threats  

It is not clear if there was a single cause to this pattern. For example, over-fishing 
at Harriman Springs and habitat alteration at Barkley Springs are both reasonable 
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explanations. If the habitats can still function as successful spawning sites, re-
introduction of eggs might be considered.  
 
6. Decreases in water quality 
 

Current Threats 
Water quality is still a threat. 

 
Actions Needed to Address Current Threats  

Continued restoration of marshes and education of water users appears to be 
productive. 

 
Possible Future Threats and What Needs to Be Done to Address Them 

Long-term climate patterns could make improvements easier or more difficult to 
achieve. More attention needs to be paid to climate so that management knows when 
decisions can be more flexible and when decisions might exacerbate impacts of weather. 
 
7. Sport fishery harvest 
 

Current Threats 
Threat has been removed, but scientific take has increased. 

 
Actions Needed to Address Current Threats  

Monitoring of scientific take appears to be adequate. 
 
8. Predation and spread of disease/parasites by exotic fishes 
 

Current Threats 
Emergence of parasites on juveniles since 1995 is a concern and may indicate 

other changes in the ecosystem or in fish health.  
 
Actions Needed to Address Current Threats  

It would help to know what has changed that allows the parasite life cycles to do 
well. It may or may not be due to a factor under management control. 
 
9. Habitat unprotected 
 

Current Threats 
Management changes by federal agencies, especially US Bureau of Reclamation, 

have helped protect important habitat. As explained to the ISRP, policies of Oregon 
Department of Agriculture (ODA) do not appear helpful because they are vague, with no 
history of enforcement, and no civil penalties after 10 (?) yrs. ODA administrative rule 
requirement for Lost River subbasin, 603-095-3940, states, “Landowners will not be 
required to implement practices or management systems that are not practical and 
effective for their operations.” The rule does not describe who determines “practical” or 
“effective”. ODA administrative rule requirement for Klamath Headwaters Area, 603-
095-3840, does not institute erosion and riparian policies until January 1, 2007. 
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Actions Needed to Address Current Threats  
State policies should be aimed at downlisting or delisting endangered species. 
 

10. Increased incidence of hybridization with other suckers 
 

Current Threats 
Hybridization appears to be a natural process, but it may have increased due to 

human activities. For example, Chiloquin Dam may have forced species to spawn in a 
small area, increasing hybridization. Hybridization appears to be mostly an issue with 
shortnose and Klamath largescale suckers. With these species, the impact of 
hybridization appears to be related to habitat. In Upper Klamath subbasin, the large lake 
appears to help reinforce selective pressures maintaining two distinct ecological and 
morphological species while in Lost River subbasin, there appears to be a hybrid swarm 
and species identity is questionable. 
 
Actions Needed to Address Current Threats  

Removal of Chiloquin Dam will help determine whether or not it had an effect on 
hybridization.  

 
11. Blue-green algae blooms 
 

Current Threats 
No change in this threat. 

 
Actions Needed to Address Current Threats  

Reduce rate of sedimentation of Upper Klamath Lake. 
 

12. Die-offs during hot or dry years 
 

Current Threats 
No change in this threat. 

 
13. Pollution of UKL and low inflows caused by diversions 
 

Current Threats 
No change in this threat. 
 

14. Exotic fishes (FH minnow and yellow perch) 
 

Current Threats 
The abundance of exotic fathead minnows is associated with poor juvenile 

recruitment. 
 

Possible Future Threats and What Needs to Be Done to Address Them 
Exotic species may respond in unpredictable ways to restoration and other 

management actions. 
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Richard Piaskowski 
Fisheries Biologist 
Bureau of Reclamation 
 
Evaluation of Lost River and Shortnose Sucker Population Status 
Prepared for the US Fish and Wildlife Service 
August, 2005 
 
 
Lost River (LRS) and shortnose (SNS) suckers were listed under the ESA in 1988 for 
reasons including significant and sharp population declines, degraded spawning and 
rearing habitat, hybridization, and competition and predation from exotic fishes.  Since 
1988, important advances have occurred in the understanding of sucker population 
dynamics, life history, and genetics, as well as improved understanding of factors 
affecting sucker survival and production.  As discussed below, monitoring results 
indicate 1) sucker populations continue to decline in Upper Klamath Lake (UKL), 2) 
likely are continuing to decline in Tule Lake and the Lost River, and 3) appear stable in 
Gerber Reservoir and Clear Lake since listing.  This evaluation discusses the current 
status of Lost River and shortnose sucker populations by water body, and the most 
important factors believed to influence their current status.  The evaluation is primarily 
based on information presented during 2005 to the Interdisciplinary Scientific Research 
Panel (ISRP; convened February 5, 2005) by the US Fish and Wildlife Service (FWS) as 
part of the 5-Year Review, as well as other pertinent reports and publications.  References 
to information from to the ISRP meetings are cited below according to the presenting 
author. 
 
Upper Klamath Lake (UKL) 
Since the 1988 listing, LRS and SNS populations generally continued to decline in UKL 
during the 1990s, based on abundance index data (adult and juvenile), estimated age 
distributions, and occurrence of large scale die-offs (Shively and Janney ISRP; Markle 
ISRP, Vanderkooi, ISRP).  In the last five years, estimated adult survival improved and at 
least one stock (river spawning LRS) showed slight positive population growth, based on 
preliminary analysis of adult mark/recapture data.  However in general, there have been 
continued low rates of adult recruitment and poor juvenile survival, with juvenile survival 
in recent years among the worst since monitoring began in the mid-1990s.  Causes for 
poor survival and recruitment include poor summer water quality and related die-offs in 
UKL.  Poor survival and recruitment may also relate to lack of nearshore rearing habitat 
and potentially very serious competition and predation, however the importance of these 
factors is not well understood.  Degraded shoreline spawning habitats has likely 
contributed to the decline of lake spawning stocks, along with potentially high emigration 
rates from UKL.  A significant number of young suckers annually emigrate from UKL 
into Keno Impoundment where they appear to suffer from very high mortality rates due 
to poor water quality and possibly competition and predation by the numerically 
dominant fathead minnow.   
 
Poor summer water quality and related die-offs in UKL 
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Annual production cycles of the blue-green algae Aphanizomenon flos-aquae (AFA) 
result in degraded water quality problems during summer in UKL such as high pH, 
supersaturated and very low dissolved oxygen (DO), and high un-ionized ammonia.  
High phosphorus concentrations, coupled with the ability of AFA to fix nitrogen, give 
AFA a competitive advantage over other phytoplankton species (see NRC, 2004), leading 
to excessive AFA production in UKL (Kann, ISRP).  Sucker die-offs can result directly 
from water quality stressors (e.g., hypoxia) or from a combination of poor water quality 
and subsequent onset of disease.  USFWS CA-NV Fish Health Center found multiple 
infectious agents present on sick and dead fish, most prevalent in the July to September 
period (Foott, ISRP).  Although the risk of sucker die-offs in UKL can be elevated during 
any given summer, die-offs are not predictable or preventable at this time.  Until 
phosphorus concentrations and AFA production can be reduced in UKL, water quality 
problems will continue to be arguably the greatest impact on adult sucker survival, and 
among the greatest impact on juvenile survival into the foreseeable future.   
 
No immediate solutions exist for reversing trends in phosphorus loading or controlling 
AFA production.  Even if external loading is substantially reduced through land use 
changes and wetland restoration, internal loading may still provide enough phosphorus 
for heavy AFA blooms (NRC 2004).  Largescale restoration of wetlands is planned in 
Upper Lake Klamath (e.g., Williamson River Delta Restoration Project, TNC).  It has 
been proposed that humic acids released from wetland sediments may inhibit growth of 
AFA, either chemically (Eilers et al. 2001, Geiger 2001 as cited in NRC 2004), or by 
limiting available light (see NRC 2004).  However, neither process is well understood 
and is in need of further study.   No other practical solutions are widely accepted at this 
time as effective solutions to improve water quality and limit AFA production.   
 
Juvenile sucker survival  
Sucker populations in UKL have been described as suffering from chronic year class 
failure.    Poor year class strength is a serious concern for the long-term survival of UKL 
sucker populations due to the relationship between year class survival and adult 
recruitment (Diana 1995).  Poor year class survival could explain poor recruitment rates 
estimated for UKL suckers.  Since 1995, the combination of good larval production, good 
early survivorship and good summer survivorship appears to have happened once (1999) 
for both species (Markle ISRP).   Winter mortality also appears high (Markle ISRP).   
 
On the other hand, larval sucker production appears to have little correlation with adult 
recruitment (Markle, ISRP), a common characteristic of many fish populations (Hjort 
1914, as cited in Diana 1995).  Environmental conditions at the end of the summer 
actually appear to be more important than larval sucker production in determining end of 
summer age-0 sucker abundance (Markle ISRP).   
 
Juvenile sucker abundance at the end of the summer of 1999 was highest among those of 
1995 to 2004.  As compared to other study years, environmental conditions of 1999 
included relatively cool August temperatures, high lake elevation, and high dissolved 
oxygen and pH (Markle, ISRP).  However, further study is needed to determine the 
relative importance of these and other factors on juvenile sucker summer survival.  Most 
available data to date were collected through field studies, and analysis is dependent on 
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ambient environmental conditions, managed water operations, and field sampling 
constraints.  Controlled experiments are needed to allow for full analysis of key 
parameters. 
 
Lack of near-shore rearing habitat 
Compared to environmental conditions that existed before anthropogenic development, 
age-0 suckers entering UKL are exposed to different water quality, fish community, 
water depths, and nearshore habitat.  Management of UKL water levels has produced 
higher early spring and lower summertime lake levels, and conversion of wetlands to 
agriculture lands altered near-shore habitat conditions available to age-0 suckers.   
 
Sucker survival, at least at the larval stage has been related to wetlands (or at least the 
structure provided therein).  Emergent macrophytes support significantly more, larger, 
better-fed larvae than submergent macrophytes, woody vegetation, or open water 
(Cooperman 2004).  However, the importance of wetlands as near-shore vegetative 
structural habitat to juvenile stage suckers has been difficult to determine despite several 
years of field study by USGS and Oregon State University, whereas a relationship 
between juvenile sucker distribution and substrate type has been observed (Simon et al. 
2000).  Field monitoring has shown the strongest sucker year class was associated with a 
water year having a relatively higher August lake elevation (1999).  But was it lake 
elevation (e.g., providing access to nearshore habitat), water quality, or other factors 
(environmental and/or biological) that determined the strong year class?  Wind, 
temperature, pH, dissolved oxygen, and abundance of fathead minnows have also all 
been related to sucker year class strength (Markle, ISRP).   
 
On the other hand, LRS and SNS in Clear Lake or Gerber Reservoir are apparently not 
dependent on wetlands or other vegetative structure, as production and recruitment is 
occurring within LRS and SNS populations there (see below) and neither of these water 
bodies have much near-shore vegetation or other structure.  High turbidity appears to 
provide needed cover for young sucker in absence of nearshore vegetation in these water 
bodies. 
 
Nonetheless, further understanding is needed as to the importance of nearshore vegetation 
(and more specifically wetland vegetation) to age-0 suckers.  To date, studies of sucker 
habitat use in UKL has only occurred using field studies, which are limited by regulated 
water level conditions.  Controlled pond experiments could help isolate the importance of 
different habitat factors, including study of micro habitat use under different vegetation 
conditions and water depths. 
 
Competition and predation from exotic fathead minnows and other fishes in UKL 
Survival of age-0 LRS and SNS in UKL could be seriously limited by competition and 
predation from the numerically dominant exotic fathead minnow in UKL, given their 
abundance and overlapping spatial distribution (Terwilliger et al. 2004) and their 
demonstrated predation on larval suckers (Dunsmoor, ISRP).  Population decline of a 
congeneric specie, the endangered razorback sucker of the Colorado River Basin, has 
been attributed to predation by exotic fishes on their larvae (Marsh et al 2003).  Other 
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UKL fishes could also impact age-0 sucker survival through competition (e.g., native tui 
chub and blue chub) or predation (e.g., sculpin, redband, and exotic yellow perch).   
 
Increasing abundance trends for fathead minnow are alarming, and may explain the 
recent decreasing abundance trends for age-0 suckers.  Since 2001, shoreline population 
estimates and catch-per-unit-effort (CPUE) for juvenile LRS and SNS suckers in UKL 
has been relatively low, whereas CPUE rates for fathead minnow since 2001 has 
increased to record highs (Terwilliger et al. 2004).  Fathead minnow have dominated net 
catches since the early 1990s (Simon et al. 2000), and in the last 2-3 years, beach seine 
and cast net CPUE for fathead in UKL have further increased by several fold (Terwilliger 
et al. 2004).  In one extreme example from UKL, a total of 37, 888 fatheads were 
estimated to be caught in a single beach seine haul on August 10, 1998; this relates to 
approximately 1,298 fathead minnows per square meter (Markle, pers. comm. 2005). 
 
If water quality and other conditions in UKL are improved for suckers, these improved 
conditions would likely also benefit exotic fatheads and other competitors.  On the other 
hand, improving water quality could also give endemic suckers a competitive advantage 
over exotics.  Studies are needed to evaluate competition and predation between young 
suckers and other fishes of UKL.  Controlled pond experiments should be considered to 
evaluate multiple factors with sufficient sample size and replication. 
 
Degraded shoreline spawning habitat 
Historically, LRS and likely SNS spawned at numerous spring areas in UKL including 
Harriman, Odessa, Sucker, Barkley, Ouxy, and other unnamed springs (FWS 1993).  
Habitat alteration, over-harvest, and other impacts likely led to a decline in the number of 
sites used for spawning and the size of spawning groups.  LRS spawning in UKL 
currently appears to be restricted to four small shoreline spring areas including: Sucker, 
Ouxy, Boulder and Silver Building springs, and one non-spring shoreline area, Cinder 
Flat (USGS 2004).   USFWS is currently planning enhancement of UKL shoreline 
spawning sites.  This work is critically needed, given the data for lake spawning stocks 
(particularly SNS) suggest much lower population numbers compared to river spawning 
stocks (based on CPUE).  Work should include an adaptive management approach (with 
an emphasis on experimentation and monitoring), to avoid further degradation of the 
shoreline spawning stocks and the presently used shoreline habitat. 
 
High emigration rates from UKL 
Prior to settlement, a significant number of larval and juvenile suckers likely emigrated 
downstream of UKL annually via Link River into Lake Ewauna, Klamath River, and 
Lower Klamath Lake via Klamath Straits.  Anecdotal reports documented large runs of 
adult suckers in Link River (Klamath Republican 1901), and Gutermuth (et al. 2000) 
recently demonstrated a significant number of larval and juvenile suckers passing into the 
East and West Side Canals at Link River Dam.  UKL emigrants could have reared 
downstream in Lake Ewauna, Klamath River (above Keno Reef), and in Lower Klamath 
Lake, then migrated back into UKL as adults to spawn.  Today, suckers emigrating from 
UKL have a very low probability of survival, given poor summer water quality 
conditions (USBR unpublished data), limited rearing habitat, and possibly predation and 
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competition from abundant exotic fathead minnow in Lake Ewauna and Keno 
Impoundment  (Terwilliger et al. 2004).   
   
Progeny from lake spawning stocks may be disproportionately susceptible to leaving 
UKL downstream due to the proximity of the shoreline spawning sites (in comparison to 
river spawning sites) to southern UKL and the Link River, and the prevailing southward 
water currents in spring which can quickly transport larval fish to the lake outlet at Link 
River.   These factors may explain extinction of spawning stocks at Harriman and 
Barkley springs (Markle, ISRP).  Further study is needed to understand emigration rates 
of larval suckers between river and lake spawning stocks.  Efforts should be made to 
understand and improve water quality and habitat in Keno Impoundment.  Water quality 
in this reach appears to be driven by organic loading (in the form of algae) from UKL, 
and therefore long-term solutions to water quality in Keno Impoundment likely depend 
on reducing algal production in UKL.  In the short-term, alternatives to reducing or 
removing the organic load entering Keno Impoundment should be investigated, including 
filtering algae at Link River Dam, diverting algae into A-Canal, treatment wetlands in 
Keno Impoundment, and restoration of native wetlands along Keno Impoundment.  
Further, we need a better understanding of effects of the dominant fathead minnow on 
sucker survival in Keno Impoundment.     
 
Hybridization 
Previous concerns for hybridization among endemic Upper Klamath Basin suckers may 
not be warranted for all populations of LRS and SNS, and therefore the importance of 
hybridization to their listing status should be re-evaluated.  Klamath suckers may have a 
tendency to hybridize, even under natural conditions.  Wagman (2004) examined 
phylogenetic patterns among 25 Catostomid species to “determine if the homogeneity in 
the Upper Klamath Basin was due to massive hybridization and introgression or to 
retention of ancestral sequences”.  Wagman concluded an observed lack of variation in 
Upper Klamath Basin species “may be a reflection of their plesiomorphic genome at 
these loci and not necessarily hybridization.”…. further, suggesting that “since the family 
likely arose through hybridization, species retaining the ancestral genome may also retain 
a propensity to hybridize.”   
 
Genetics work since the 1988 listing has at least demonstrated the complex relationship 
between the Upper Klamath Basin sucker species.  Markle (ISRP) discussed four distinct 
Upper Klamath sucker species, but in some cases they are more identifiable by 
morphology and ecology than by genetic composition (particularly for SNS and Klamath 
largescale sucker).  Markle (ISRP) hypothesized expression of the SNS-type versus the 
KLS-type may relate to habitat (lake versus river):  “Chasmistes and Catostomus readily 
hybridize obscuring phylogeny but maintain identity when habitats permit through an 
unknown mechanism such as DNA repair, similar to cottonwoods and poplars over the 
past 10 million years. This hypothesis builds on the C. rimiculus data and suggests there 
is a Klamath Basin genome shared by all species in the Basin, regardless of their origin.” 
 
Additional discussion and conclusions for UKL populations 
LRS and SNS have the potential to rebound quickly given the right conditions.  Both 
species are highly fecund.  Preliminary estimates of survival and finite rate of population 
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change (additions to population minus subtractions) suggest LRS and SNS populations 
could potentially double in abundance in as little as a few years (assuming a relatively 
high finite rate of population change).  Conversely, populations can decline quickly as 
well (to less than half in size within a few years), given a relatively low survival rate.  
Although neither scenario is likely (since population growth rate is determined by both 
survival and recruitment), it demonstrates the ability to recover LRS and SNS in UKL if 
recruitment and adult survival are improved.   
 
Nevertheless, LRS and SNS within UKL will likely continue to suffer from die-offs and 
from low recruitment (given water quality conditions, and juvenile year class survival).  
Lake spawning stocks appear at greater risk, due to degraded spawning habitat and 
emigration issues discussed above.  Water quality will continue to significantly impact 
survival and production into the foreseeable future of both stocks and species.  Even if 
water quality could be improved, there are no practical solutions for reducing competition 
and predation (with fathead minnow of primary concern) on age-0 suckers within UKL at 
this time.  Predation may rank second only to water quality among the factors limiting 
sucker year class strength.  For these reasons, it could be concluded that LRS and SNS 
populations in UKL will continue to be at considerable risk into the foreseeable future.   
 
Additional measures need to be considered in order to compensate for poor year class 
strength and recruitment.  One of these measures could be the use of grow-out ponds to 
boost year class strength.  By raising juvenile suckers in ponds adjacent to UKL, factors 
impacting sucker survival could be controlled (including water quality, predation, and 
competition).  Young suckers could then be reared until they achieve a size capable of 
escaping most predators.   
 
Of concern regarding the use of grow-out ponds is the potential for genetic selection 
imposed through a captive rearing program.  Therefore, prior to beginning any such 
program, experiments should be conducted to investigate methods to minimize genetic 
selection and simultaneously investigate the most effective program design.  
Furthermore, these ponds could be used to further investigate juvenile sucker habitat use, 
competition, and predation; areas of study that have been difficult to understand through 
field investigations. 
 
Tule Lake/Lost River 
Data for assessing the status of LRS and SNS suckers in the Tule Lake Sumps/Lost River 
are very limited.  Populations most likely have continued to decline given (1) limited 
spawning and production have been observed (Reclamation 1998; Buettner pers. comm. 
2005), (2) no improvements in habitat conditions have occurred since listing, and (3) no 
significant changes in land and water use patterns have occurred since listing.  LRS and 
SNS populations in the Tule Lake Sumps continue to suffer from lack of spawning 
habitat (both degraded and blocked access), insufficient spawning flows, poor water 
quality, degraded rearing habitat, and degraded resident habitat for adults.  Suckers have 
been found along the Lost River mainstem (USGS 1999), however there does not appear 
to be any viable populations, probably due to limited spawning and rearing habitat, 
passage, and very poor summer water quality in the mainstem reservoirs (USBR, 
unpublished data).  Hybridization may be a threat in Tule Lake, since spawning habitat is 
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limited to below Anderson Rose Dam, where LRS and SNS have been observed to spawn 
in the same time and place (M. Buettner, pers. comm. 2005).   
 
High rates of sedimentation leading to decreased water depth has been a concern 
regarding the longevity of the Tule Lake Sumps, and therefore a concern for restoring 
self-sustaining LRS and SNS populations (Buettner, ISRP).  However, estimates of 
sedimentation rates are calculated from a limited bathymetric survey (circa 1960) and a 
complete bathymetric survey (circa 1980).  A bathymetric survey should be repeated in 
the Tule Lake Sumps to provide an updated sedimentation rate estimate. 
 
The National Research Council (2004) recommended establishing additional populations, 
in order to spread risks of catastrophic loss of LRS and SNS.  Aside from sedimentation 
concerns, the Tule Lake Sumps may be a very important area for recovery of LRS and 
SNS, by serving as an additional population to those of UKL, Gerber and Clear Lake.  
Historical Tule Lake once supported very large populations of LRS and SNS, considering 
anecdotal information (e.g., Klamath Republican 1900).  For example, it was estimated 
that the aboriginal harvest at one site on the Lost River may have been 50 tons annually 
(Stern 1966).  Although the area of Tule Lake has been much reduced, USFWS should 
evaluate the relative importance of the Tule Lake Sumps to LRS and SNS populations 
taken as a whole, considering the status of these species in UKL, Gerber, and Clear Lake.  
USFWS should then amend the LRS and SNS Recovery Plan to include 
recommendations based upon this evaluation. 
 
Many of the fundamental habitat needs for supporting LRS and SNS populations of the 
Tule Lake and Lost River system are either present or could be restored, even though the 
system has been dramatically altered.  In comparison to UKL, Tule Lake is at a similar 
elevation (with a similar air temperature regime) with a relatively shallow water depth.  
However, large blooms of algae do not drive water quality in Tule Lake as in UKL, 
thereby inferring a lower risk of water quality related catastrophic die-offs.  Larval 
rearing habitat exists along the lower reach of the Lost River.  Although passage to 
historical spawning habitat (documented at Olene Gap and Big Springs) is blocked by 
Anderson Rose Dam (ARD) and Wilson Dam, spawning occurred below ARD 
(Reclamation 1998), but has not been documented since a high flow event obliterated the 
historical spawning gravel bar below.  USFWS and Reclamation are currently planning to 
enhance spawning habitat below ARD to improve spawning opportunities in the Lost 
River.  If spawning habitat below ARD is later found to be insufficient to meet 
production needs, passage and spawning habitat above ARD should be evaluated along 
with the feasibility of providing sufficient spring river flows.   
 
In comparison, several major problems exist in the Lost River upstream of ARD for 
establishing viable populations of LRS and SNS.  The Lost River upstream of ARD 
consists of several relatively small mainstem Lost River reservoirs.  Problems for 
providing suitable habitat for suckers are extensive, including lack of access to spawning 
habitat, poor rearing and adult resident habitat, and very poor summer water quality 
(USBR, unpublished data).  Furthermore, it is unclear how LRS and SNS historically 
utilized the Lost River upstream of Big Springs.  Historically, no large spawning runs 
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were documented and habitat prior to development would have been very limited in 
summer months due to the annual hydrology (USBR, unpublished data). 
 
Restoration of LRS and SNS in Tule Lake Sump would seem compatible with present 
day water operations in the Lost River and Tule Lake Sumps.  LRS and SNS are lake 
dwelling species, using rivers only for spawning and larval emigration.  Therefore, only 
spring time water operations in Lost River need to be considered to provide passage and 
sufficient flows for adult sucker spawning, and flows for downstream larval migration to 
the Tule Lake Sumps in spring and early summer.  Present day Tule Lake operations may 
be compatible for in-lake rearing of juvenile and adults, as adult are surviving under 
current conditions (Buettner, ISRP).   
 
Conclusions for Tule Lake/Lost River 
A full evaluation of current conditions and operations in Lost River-Tule Lake system as 
well as a determination of the feasibility of restoring LRS and SNS populations in Tule 
Lake Sumps is needed, and presently being planned by USBR.  Although these sucker 
populations and their habitat may be in the most degraded condition in comparison to 
others, restoration could be important to reduce risks of catastrophic die-offs for these 
species, and appears compatible with current water operations in the Lost River.  
Following Reclamation’s evaluation of current conditions, future recovery efforts for 
listed suckers in Tule Lake and the Lost River should be determined and proposed by 
USFWS. 
  
Gerber and Clear Lake 
Sucker populations in Gerber Reservoir and Clear Lake appear stable, based on 
comparison of length class distributions from the 1990s (Piaskowski and Buettner 2003), 
2000 (USGS, unpublished data), 2003 (FWS, unpublished data) and 2004 (USGS 
unpublished data).   These data show recruitment has been occurring and these 
populations are comprised of multiple age classes.  Trap-netting during the 1990s 
consistently collected juveniles, suggesting much improved survival in comparison to 
UKL.  Trap-netting was not conducted during the 2000s.  Reasons for stable sucker 
populations in Clear Lake and  Gerber Reservoir likely relates to sufficient water quality, 
relatively low abundance of exotic fishes, and access to spawning habitat. 
 
One notable concern for Clear Lake is the recent trend in abundance for large, older LRS 
and SNS adults.  Although recruitment is apparent in both species (as evidenced by 
collection of individuals < 300mm FL by trammel net), there has been an absence or low 
catch of larger individuals in 2000 and 2004 as compared to the 1990s (USGS, 
unpublished data).  The reasons for the apparent decreased abundance of larger LRS and 
SNS are unknown.  The differences could be related to sampling design and effort, which 
were similar among the years but not standardized.  However, this would not seem to 
explain the complete absence in catch of larger individuals, which had made up a 
substantial portion of both populations in the 1990s.  Die-offs could explain the loss of 
older larger individuals but would seem unlikely, since summer water quality has been 
relatively good in recent years (USBR, unpublished data), and no fish die-offs have been 
reported.  However, die-offs could easily go un-noticed given the remoteness of the lake.  
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Annual monitoring should continue to determine why/if the decrease in abundance of 
larger LRS and SNS has occurred. 
 
Establishing a population of LRS in Gerber Reservoir should be evaluated.    This man-
made reservoir appears to presently contain only one population of sucker showing a 
mixed SNS/KLS morphology.  Water quality in Gerber Reservoir is largely not limiting 
for LRS and SNS in comparison to UKL (see Piaskowski and Buettner, 2003) and the 
present SNS/KLS population appears stable, as discussed above.  One concern of 
introducing LRS would be the potential for hybridization with the current population, 
since spawners may compete for habitat in both time and space.  Spawning by the current 
population is limited by a brief spring run-off period and limited amount of tributary 
spawning habitat (Mark Buettner, pers. comm. 2005).  Second, it is unknown whether 
Gerber Reservoir has the capacity to support a second population of sucker.  Genetic 
issues, along with the habitat capacity of Gerber Reservoir should be evaluated for 
consideration of LRS introduction. 
 
Conclusions for Clear Lake and Gerber Reservoir 
Endangered suckers in these water bodies likely will be at minimal risk, if water 
operations and land use practices in the Gerber Reservoir and Clear Lake watersheds 
continue as they have in recent years.  Monitoring should continue at least every 2-3 
years to ensure adult recruitment and survival is stable.  Minimum water elevations 
established for these areas in 2003 should be continued until evidence is provided 
suggesting changes are warranted. 
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INTRODUCTION 
 
In 2005 the US Fish and Wildlife Service (USFWS) sponsored a series of technical 
workshops designed in part to review the overall state of the knowledge relevant to the 
current and potential future listing of two federally listed (under the Endangered Species 
Act – ESA) endangered sucker species that are present in Upper Klamath Lake (UKL), 
Oregon as well as the Lost River system including Clear Lake and Tule Lake.  The two 
species are the Shortnose sucker (Chasmistes brevirostris) and the Lost River sucker 
(Deltistes luxatus), both of which were listed as endangered in July 1988.  The workshops 
were part of the USFWS’s 5-year status review of the listings of these two fish species 
and focused on convening a group of scientists who have been actively working on 
studies directly or indirectly related to these species.  The primary objective was to solicit 
contemporary information that would be useful to the USFWS for evaluating options 
relevant to the future ESA listing of these species.  These options included: 1) continued 
listing as endangered – one or both species; 2) downlisting to threatened status – one or 
both species; and 3) delisting – one or both species.  The workshops were attended by a 
group of invited scientists and researchers who have been actively involved in studies 
and/or projects involving Lost River and shortnose suckers.  The workshops were also 
open to other interested parties.  The invited participants were asked to serve as members 
of an Independent Scientific Review Panel (ISRP) for the USFWS, and to provide written 
comments and recommendations relative to the listing status of these species.  During one 
of the meetings, a “threat-matrix form” was developed and circulated to the ISRP 
members for consideration as a means to present individual comments pertaining to past, 
current and potential future threats to the survival and recovery of these species. 
 
R2 Resource Consultants (R2) has been working (under contract to the Bureau of Indian 
Affairs) in the Upper Klamath Basin on a variety of streamflow, lake-level and water 
quality related issues that pertain to Lost River and shortnose suckers, as well as a 
number of other native fish species.  R2 senior scientists Dr. Dudley Reiser and Dr. 
Michael Loftus have been involved with technical studies in the UKL for over 14 years.  
As a result and at the invitation of the USFWS, Dr. Reiser participated as a member of 
the ISRP.  Other R2 senior staffs including Dr. Loftus and Dr. Noble Hendrix were 
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invited to provide relevant technical input to the ISRP specifically regarding selected 
water quality issues of the lake and how they may affect sucker health. 
 
The 5-year review process encompassed a series of 5-6 workshops spanning a five-month 
period (February – June) during which ISRP members as well as other invited scientists 
and resource specialists presented the results of studies and/or programs of relevance to 
Lost River and shortnose suckers.  Technical topics presented and discussed included but 
were not limited to a review of the status of the suckers at the time of the original listing; 
a review of the current status of suckers including range, population structure, and known 
demographics; and detailed discussions regarding current and future threats to the 
continued existence of the populations.  This latter category encompassed a wide range of 
topics including water quality and disease, genetics and hybridization, introduced species, 
spawning habitat quality and accessibility, UKL water levels, fish passage and 
entrainment, varying climatic conditions, as well as recovery actions.  The complexity of 
each of these topics alone was one of the major reasons for drafting of the “threats-
matrix” form as a means to standardize (to the extent possible) and consolidate ISRP 
opinions on these issues. 
 
This document represents the joint evaluations and assessments of R2 senior scientists 
(D. Reiser – ISRP panel member; M.E. Loftus, and N. Hendrix) who have been involved 
with the analysis and modeling of UKL fisheries and water quality data.  Importantly, the 
following responses primarily address the status of conditions in UKL with which R2 is 
most familiar.  This does not mean that issues and impacts on the endangered suckers in 
the Lost River system, reservoirs, and lakes south of UKL are of lesser importance to the 
species continued existence and well being.  Rather, R2 scientists choose to defer 
evaluations and assessments in those areas to the researchers and scientists with greater 
first-hand knowledge and experience.  Further, our responses focus primarily on those 
categories for which we have direct knowledge based on previous or ongoing work. 
 
The following summaries of support information and rationales are therefore restricted to 
issues and impacts in UKL, its tributaries, and drainage-area land use affecting aquatic 
conditions.  As context, we have included some direct excerpts of the Reiser et al. (2001) 
report that summarize our general understanding of the distribution and life history 
patterns associated with Lost River and Shortnose suckers, primarily as they relate to the 
UKL system.  For our review, this information was supplemented with an extensive 
amount of material that was provided by the USFWS to each ISRP member consisting of 
a 3-ring binder of background materials entitled “Lost River and Shortnose Sucker 5-year 
Review Workshop Materials,” as well as a CD (Reference Literature) that contained 
electronic copies of publications, reports and other materials relevant to these species and 
the review process.  This introductory material is followed by the completed “threats-
matrix” form that contains short, summary-type responses and notes relative to the 
“threat-matrix” categories.  The next section provides more detail and technical support 
(in bulleted format) for each of the categories.  The last section lists major reference 
materials used in completing this assessment. 
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GENERAL LIFE HISTORY INFORMATION –  
LOST RIVER AND SHORTNOSE SUCKERS4

Lost River Sucker 
 
Lost River suckers are native to the Lost River and Upper Klamath Basins including 
Upper and Lower Klamath lakes, Tule Lake, and Sheepy Lake in Oregon and California 
(Moyle 1976).  Within Upper Klamath Lake, the Lost River sucker is native to the 
Williamson, Sprague, and Wood Rivers, and Crooked, Seven Mile, Four Mile, Odessa, 
and Crystal creeks (Golden 1969; USFWS 1993).  Presently, the Lost River sucker is 
present in Upper Klamath Lake and its tributaries (Buettner and Scoppettone 1990), the 
Lost River including Tule Lake (USFWS 1993), and down the Klamath River to Iron 
Gate Reservoir (Desjardins and Markle 2000).  Bienz and Ziller (1987) produced total 
adult population estimates in the Williamson and Sprague rivers of Lost River suckers of 
23,123 (11,858, to 86,712 95% CI) and 11,861 (8,478 to 19,763 95% CI) fish during 
1984 and 1985, respectively.  Historical estimates indicate much higher population levels.  
For example, the snag fishery for Upper Klamath Lake adults declined from a 1968 
figure of approximately 10,000 to only 687 in 1985 (USFWS 1993).  This fishery was 
subsequently closed to all harvest.  Buettner and Scoppettone (1990) found that most of 
the Lost River suckers collected during a fish kill in 1986 were > 19 years old, indicating 
that the age-structure of the mid-1980s population was heavily weighted towards large, 
older fish.  Comparisons of 1986 and 1988 age structures indicated that little recruitment 
to the adult population occurred from 1970 through 1976. 
 
Most Lost River suckers are adfluvial and reside primarily in Upper Klamath Lake.  Most 
Lost River sucker spawning occurs in tributary streams but some spawn in springs 
located along the shoreline of Upper Klamath Lake (Scoppettone and Vinyard 1991).  
Spawning migrations into the Williamson and Sprague rivers begin as early as January 
and continue into mid-June in some years (Buettner and Scoppettone 1990; Klamath 
Tribes 1996; Perkins et al. 2000a).  Most spawning occurs during a five-week period 
starting during the first three weeks in April, with peak spawning varying among years 
from mid-April to early May.  Data suggest that there may be two runs of Lost River 
suckers, an early run that spawns in the upper Sprague River and a later run that spawns 
in the lower Sprague River and Williamson River. 
 
Although Buettner and Scoppettone (1990) did not detect adult Lost River suckers 
migrating through the Sprague River fish ladder in 1987 or 1988, monitoring efforts in 
the past 10 years have consistently documented substantial use of the ladder by both 
upstream and downstream migrating suckers (L. Dunsmoor, Klamath Tribes, personal 
communication).  Telemetry data have indicated that adult fish remain in spawning 
streams for only 6 to 16 days.  Adults are known to travel as much as 11 mi (18 km) up 
the Williamson River and over 70 mi (113 km) up the Sprague River systems during 
spawning (Klamath Tribes 1996). 
                                                 

4 Excerpted from:  Reiser, D. W., M. Loftus, D. Chapin, E. Jeanes, and K. Oliver.  2001.  Effects 
of water quality and Lake Level on the biology and habitat of selected fish species in Upper Klamath Lake.  
Report prepared by R2 Resource Consultants Inc. for Bureau of Indian Affairs, Portland, Oregon. 
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Adult Lost River suckers also spawn in numerous springs along the eastern shore of 
Upper Klamath Lake between Modoc Point and Hagelstein Park (Sucker, Silver 
Building, Ouxy, and Boulder springs) and one non-spring site (Cinder Flats) (Shively et 
al. 2000).  Spawning activities at springs have been reported from February to early June 
with the peak spawning period from mid-March to mid-April (Klamath Tribes 1991; 
Perkins et al. 2000a; Shively et al. 2000; USFWS 1993).  Spawning was reported from 
Harriman Springs in the northwest corner of the lake, but the last known usage of that 
spawning location by Lost River suckers was in 1974 (Andreasen 1975).  Logan and 
Markle (1993) reported capture of sucker larvae from the Wood River and Crooked 
Creek in 1991, which indicates that spawning was occurring in these streams.  These 
larvae may or may not have been Lost River suckers, since Logan and Markle did not 
identify which species was spawning.  Recapture data from Shively et al. (2000) indicate 
that some Lost River suckers have a strong fidelity to shoreline spawning locations, 
which strongly suggests that there is a stock of lake spawning Lost River suckers that is 
distinct from a river spawning stock (Perkins et al. 2000a; Shively et al. 2000). 
 

Shortnose Suckers 
 
The shortnose sucker is native to Upper Klamath Lake and its tributaries and the Lost 
River system (Moyle 1976; Scoppettone and Vinyard 1991; USFWS 1993).  Shortnose 
suckers may have gained access to the Lost River through a series of irrigation canals 
constructed by the USBR (Moyle 1976).  However, their presence in Clear Lake, which 
has been closed to upstream migration since Clear Lake Dam was built in 1910, provides 
evidence that this species is native to the Lost River system (USFWS 1993).  Currently, 
shortnose suckers are found from Upper Klamath Lake, its tributaries, the Klamath River 
downstream to Iron Gate Reservoir, and Clear Lake, Gerber Reservoir, and Lost River 
and Tule Lake in the Lost River system (USFWS 1993). 
In the 1980s, population levels of the shortnose sucker were found to be critically low 
(Bienz and Ziller 1987; USFWS 1988).  Bienz and Ziller (1987) estimated the spawning 
population of shortnose suckers in 1984 to be 2,650 fish (95% CI of 1,026 to 10,461).  In 
1985, a population estimate was not made due to low numbers of recaptured fish.  Catch 
per unit effort indices were used to assess the population of shortnose suckers in 1984 
through 1986.  Statistics indicate a decline of 44 percent (17.6 and 9.9 shortnose suckers 
per trip) between the 1984 and 1985 electrofishing efforts, and a decline of 67 percent 
(9.9 and 3.3 shortnose suckers per trip) between the 1985 and 1986 indices (Bienz and 
Ziller 1987).  In 1986 the fish kill in Upper Klamath Lake during mid-August, only 7 
shortnose suckers were collected (Buettner and Scoppettone 1990). 
 
Abundance of shortnose suckers spawning in the Williamson and Sprague rivers was 
much lower than that of Lost River suckers in 1984 and 1985, but from 1995 through 
1999 it has been higher (Perkins et al. 2000a; Markle et al. 2000).  However, shortnose 
suckers have experienced even larger declines than Lost River suckers since 1995, with 
an estimated total decrease in the spawning population of 95 percent from 1995 to 1998 
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(Perkins et al. 2000a).  Abundance of shortnose suckers were slightly lower in 1999 
compared to 1998 (Markle et al. 2000). 
 
Like the Lost River sucker, shortnose suckers are generally adfluvial and, thus, migrate to 
tributary areas to spawn and then move downstream quickly, spending most of their time 
in Upper Klamath Lake (Coleman et al. 1989; Buettner and Scoppettone 1990).  
Spawning migrations begin in February and continue through May (Bienz and Ziller 
1987; Buettner and Scoppettone 1990).  Buettner and Scoppettone (1990) found that 
spawning peaked from April 15 to May 15.  Both the Williamson and Sprague rivers are 
used for spawning.  Visual observations indicate spawning shortnose suckers move at 
least 12 mi (20 km) upstream of Upper Klamath Lake (Buettner and Scoppettone 1990).  
Some reports have stated that very few spawning fish enter the Sprague River Dam fish 
ladder, (Bienz and Ziller 1987; Buettner and Scoppettone 1990).  However, L. Dunsmoor 
(Klamath Tribes, personal communication stated that migration of shortnose suckers 
through the fish ladder to upstream spawning locations is greater than these reports 
indicate.  In addition to the fluvial habitats, shortnose suckers have been observed 
spawning at Sucker, Ouxy, and Silver Building springs and at Cinder Flats along the 
eastern shore of Upper Klamath Lake; numbers of shortnose suckers were much lower 
than the number of spawning Lost River suckers at these locations (Shively et al. 2000; 
USFWS 1993). 
 
THREAT MATRIX 
 
The completed “threat matrix” is contained in Table 1.  The format follows that as 
presented by the USFWS and includes a series of five Listing Factors: A) destruction, 
modification, or curtailment of habitat or range; B) overutilization; C) disease or 
predation; D) inadequacy of existing regulatory mechanisms; and E) other natural or 
man-made factors affecting existence, and a subset of 14 Threat categories: 1) significant 
and sharp population declines; 2) lack of recruitment; 3) spawning habitat blocked by 
dams; 4) entrainment into unscreened diversions; 5) losses of springs for spawning; 6) 
decreases in water quality; 7) sport fishery harvest; 8) predation and spread of 
disease/parasites by exotic fishes; 9) habitat unprotected; 10) increased hybridization with 
other suckers; 11) blue-green algae blooms; 12) die-offs during hot or dry years; 13) 
pollution of UKL and low inflows caused by diversions; and 14) exotic fishes.  
Comments are only provided in those categories for which R2 scientists have direct 
experience or specific knowledge relative to a given factor or category.  
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PANEL MEMBER: DUDLEY W. REISER (AND MICHAEL LOFTUS AND NOBLE HENDRIX) 

Table 1.  Threat Matrix for Lost River and Shortnose Suckers 
* Note – Responses Are Restricted To R2 Awareness, Involvement And Work Products Related To UKL 

Five Listing 
Factors 

(Threats) 

Threats 
Identified at 

Time of Listing 

Actions Taken to 
Address Threats 

Identified at Listing Current Threats 
Actions Needed to Address 

Current Threats 

Possible Future Threats and 
what Needs to be Done to 

Address Them 

A. Destruction, 
modification, 
or curtailment 
of habitat or 
range  

1. Significant and 
sharp 
population 
declines 

 

Fishery and WQ 
studies conducted 
to improve 
understanding of 
causes 

Fish Kill threat not much 
reduced without P 
budget management for 
reduction of poor WQ 
conditions. 

Reduce algal crash 
magnitude to maintain 
better DO/NH3 WQ. 
Manage internal and 
external P loading to limit 
algal blooms 

Recurrent WQ-based fish die-
off until algal biomass 
reduced/delayed by 1. 
maintaining high lake 
levels. 2. reduce 
phosphorus loading. 3. 
Increase info. Re: WQ 
refugia and hydrologic 
circulation/lake level. 

 2. Lack of 
recruitment 

 

Spawning surveys, 
adult tagging, 
juvenile surveys;  

Population/age 
structure analysis 

Recruitment failure, larval 
survival, limited rearing 
habitat, entrainment 
losses, predation losses, 
loss of spawning 
populations that use 
springs 

Reduce adult mortality, 
quantify recruitment 
trends, enhance emergent 
vegetation, expand YOY 
rearing habitat via 
elevated spring UKL lake 
levels in the spring; 
Improve in-lake spring 
spawning 

WQ fish kills of adults; 
Ground water drawdown 
losses of lake springs; Need 
WQ improvement via P 
load curtailment; Improve 
and maintain emergent 
vegetation; Prevent YOY 
entrainment export out of 
UKL. 

 3. Spawning 
habitat blocked 
by dams 

 

Plan to remove 
Chiloquin dam. 
Link R. fish ladder 
improved/installed 

May be same as since 
listing until benefits 
shown by fish survey 
data. 

Upstream spawning habitat 
restoration/ improvement. 

Non-use of newly accessible 
habitat. Need fish surveys 
to demonstrate use. Need 
habitat restoration? 
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Table 1.  Threat Matrix for Lost River and Shortnose Suckers 
* Note – Responses Are Restricted To R2 Awareness, Involvement And Work Products Related To UKL 

Five Listing 
Factors 

(Threats) 

Threats 
Identified at 

Time of Listing 

Actions Taken to 
Address Threats 

Identified at Listing Current Threats 
Actions Needed to Address 

Current Threats 

Possible Future Threats and 
what Needs to be Done to 

Address Them 

 4. Entrainment 
into unscreened 
diversions 

 

Quantification of 
entrainment from 
UKL to Link R. 
Screening of A-
Canal for juvenile 
+ sucker/fish. 

Entrainment into Link R. 
and downstream and 
through many smaller 
irrigation pumps. 

Quantify Link R. and 
representative small pump 
entrainment. Screen 
accordingly, as needed. 

Continued entrainment losses 
to unscreened pumps and 
channels from UKL and 
tributaries. Need to 
engineer small pump 
intakes to minimize 
entrainment. 

 5. Loss of springs 
for spawning 

 

Quantification/survey 
of in-lake spring 
spawning areas 
and depths. 

Reduced lake level in 
spawning season; 
Ground water 
drawdown dewatering 
of springs. 

Maintain high spring lake 
levels. Restore spawning 
habitat at springs no 
longer used. Restrict G-
water drawdown. 

Status Quo. Lower spring lake 
levels. Continuing poor 
UKL WQ. G-water drawn 
down. Silting of spring 
areas. Needs actions to 
avoid above threats. 

 6. Decreases in 
water quality 

WQ monitoring to 
quantify seasonal 
conditions, 
understand primary 
adverse factors, 
modeling of WQ 
effects on suckers. 

Little improvement in 
WQ/algal bloom 
conditions yr to yr.; 
Current WQ threat 
similar to pre- and post- 
listing periods. 

Reduce P/nutrient loading 
via better land-
management practices; 
Reduce internal P loading 
and algal bloom through 
high lake level 
management. 

Current range of poor WQ 
conditions expected to 
persist until nutrient input 
reduced and high lake level 
management adopted. 

B. Over-
utilization 

7. Sport fishery 
harvest 

Sport harvest ban 
continues. 

None None Larger population subject to 
WQ-base losses. 
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PANEL MEMBER: DUDLEY W. REISER (AND MICHAEL LOFTUS AND NOBLE HENDRIX) 

Table 1.  Threat Matrix for Lost River and Shortnose Suckers 
* Note – Responses Are Restricted To R2 Awareness, Involvement And Work Products Related To UKL 

Five Listing 
Factors 

(Threats) 

Threats 
Identified at 

Time of Listing 

Actions Taken to 
Address Threats 

Identified at Listing Current Threats 
Actions Needed to Address 

Current Threats 

Possible Future Threats and 
what Needs to be Done to 

Address Them 

C. Disease or 
predation 

8. Predation and 
spread of 
disease/parasite
s by exotic 
fishes 

Documentation of 
disease/parasite 
incidences during 
Williamson R. 
spawning and in 
juvenile surveys. 

Sources and WQ stress 
conditions favor 
increase infections in 
poor WQ years that 
likely contribute to 
summer die-offs. 

Improve WQ conditions to 
reduce stress-induced 
infections. 

Same as current threats and 
needed actions. 

D. Inadequacy 
of existing 
regulatory 
mechanisms 

9. Habitat 
unprotected 

Land purchases by 
NGOs near mouth 
of Williamson 
River, purchase 
water rights. 

Lack of critical habitat 
designation; protect WQ 
refugia. 

Designate critical habitats. Lack of a regulatory 
mechanism may allow 
further degradation of 
habitat. 
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Table 1.  Threat Matrix for Lost River and Shortnose Suckers 
* Note – Responses Are Restricted To R2 Awareness, Involvement And Work Products Related To UKL 

Five Listing 
Factors 

(Threats) 

Threats 
Identified at 

Time of Listing 

Actions Taken to 
Address Threats 

Identified at Listing Current Threats 
Actions Needed to Address 

Current Threats 

Possible Future Threats and 
what Needs to be Done to 

Address Them 

E. Other natural 
or manmade 
factors 
affecting 
continued 
existence 

10. Increased 
incidence of 
hybridization 
with other 
suckers 

 

Recognition that 
tailrace confined 
spawning promotes 
hybridization. 

Remains as is until dam 
removal opens access to 
dispersed area for 
spawning. 

Remove confining dams and 
restore upstream habitat as 
needed. 

Poor WQ or insufficient 
upstream flow/substrate 
type for successful 
spawning; Poor riverine 
rearing habitat for larval/juv 
rearing; Need to curtail 
irrigation withdrawal. 

 11. Blue-green 
algae blooms 

 

Monitoring and 
studies of bloom 
rates and 
magnitude and 
affecting factors; 
Analyses and 
modeling of bloom 
dynamics effects 
on WQ and stress 
to fish. 

Similar to pre- and post-
listing period with 
similar regime of lake 
level management. 

Manage for higher lake 
levels in spring – summer 
to: 1. curtail algal bloom 
magnitude via low 
temperature/light 
limitation, 2. reduce 
internal P loading, 3. 
maximize dilution of poor 
WQ conditions. 4. 
minimize concurrent 
effects of sediment O2 
demand on WQ. 

Status Quo to current 
conditions if current needed 
action not taken. 
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PANEL MEMBER: DUDLEY W. REISER (AND MICHAEL LOFTUS AND NOBLE HENDRIX) 

Table 1.  Threat Matrix for Lost River and Shortnose Suckers 
* Note – Responses Are Restricted To R2 Awareness, Involvement And Work Products Related To UKL 

Five Listing 
Factors 

(Threats) 

Threats 
Identified at 

Time of Listing 

Actions Taken to 
Address Threats 

Identified at Listing Current Threats 
Actions Needed to Address 

Current Threats 

Possible Future Threats and 
what Needs to be Done to 

Address Them 

 12. Die-offs 
during hot or 
dry years 

 

Documentation and 
monitoring of 3+ 
summer/fall fish 
die-offs. Age-class 
measures and 
disease 
assessments. 

Current threat similar to 
pre-and post-listing 
period until measures to 
improve WQ are 
effective. 

All actions mentioned 
previously that will 
improve UKL WQ in 
summer and fall months. 

Status Quo to current 
conditions if current needed 
action not taken. 

 13. Pollution of 
UKL and low 
inflows caused 
by diversions 

 

Several to numerous 
measures installed 
or underway to 
curtail sediment 
input and restore 
off stream P sinks 
upstream of UKL. 

Benefits of current on-
going restoration 
actions not yet evident 
in UKL WQ conditions. 

Continued implementation 
of inflow quantity and 
quality improvement 
projects. Monitoring to 
demonstrate beneficial 
effects. 

Status Quo to current 
conditions until restoration 
efforts completed and in 
place for a sufficient time 
period. 

 14. Exotic fishes 
(FH minnow 
and yellow 
perch) 

 

Documentation of 
occurrence and 
abundance trends 
of FHM and YP. 

Competition and increased 
predation on YOY 
suckers if access to 
emergent veg. denied by 
low spring/summer lake 
levels. 

Maintain high lake levels 
through spring and 
summer to provide as 
much cover as possible in 
rearing shoreline areas. 

Status Quo to current 
conditions if current needed 
action not taken. 
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TECHNICAL SUPPORT OF THREAT MATRIX COMMENTS 
 
This section contains information that supports the specific comments entered in the 
Threat Matrix.  For convenience, the information is listed under headings corresponding 
to those in the table and is presented largely in bulleted format. 
 
1. Significant And Sharp Population Declines 
On the bases of the UKL sucker fisheries and water quality data collection and analyses 
conducted since the endangered species listing, the two sucker species populations 
remain at risk of significant population declines for the reasons outlined and summarized 
as follows: 
 

• Species listed as endangered after population survey/census data indicated sharp 
declines in populations. 

a. Sports fishery catches declined through 1986 after which it was prohibited due 
to concern for declining abundance in spawning runs (Bienz and Ziller 1987, 
Fed. Reg. 1988). 

b. Tag-recapture and catch per unit effort (CPUE) data from the Williamson 
River spawning surveys, 1984 – 1986, showed nearly an 85% decrease in 
shortnose sucker and 50% decrease in Lost River sucker adults spawning 
annually (Bienz and Ziller 1987, Perkins et al. 2000a). 

c. A fish kill in August 1986 evidenced further population declines and the lack 
of successful adult recruitment to the spawning aged populations for the prior 
18 years (Scoppettone 1986). 

 

• Major fish kills in 1995, 1996 and 1997 were documented and indicated catas-
trophic events were continuing to decrease sucker populations in UKL. 

a. Sharp and decreasing trends in the spawning abundance index in the years 
following these fish kills indicated a greater than 90% decrease in shortnose 
and Lost River sucker spawning adults between spring of 1995 and spring of 
1998 (USGS 2002; Helser and Reiser 2004). 

b. Suckers participating in spawning runs in years following fish kills showed 
substantial increases in disease, parasitism, and emaciation relative to prior 
years (USGS 2002). 

c. Spawning run size distributions indicated a predominance of younger suckers, 
largely from the 1991 year class and a near absence of earlier year classes that 
had supported the populations in the pre-1986 years (Perkins et al. 2000a). 

d. Water quality deterioration associated with algal bloom die-offs and 
subsequent low DO and high ammonia concentrations in UKL were prevalent 
prior to and are considered the primary cause of the fish kill in the mid-1990s 
(Perkins et al. 2000a,b; Kann and Welch 2005; R2 Resource Consultants 
2001; Reiser et al. 2001; Welch and Burke 2001). 
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• Poor water quality conditions continue to persist in summer – fall months in years 
since 1997, posing continuing threat of additional fish kills and sucker population 
declines (Welch and Burke 2001; R2 Resource Consultants 2001; Reiser et al. 
2001; Kann and Welch 2005 and others). 

a. Algal biomass and its decay subsequent to annual summer bloom ‘crashes’ are 
dependent on internal and external loading of phosphorus in UKL, with 
consequent low DO and high ammonia dependent on water temperature and 
wind conditions during the post-crash period (Welch and Burke 2001; Kann 
and Welch 2005). 

b. Poor water quality can impose physiological stress and risk of direct mortality 
due to low DO and high ammonium concentrations in areas not avoided by 
suckers (R2 Resource Consultants 2001; Loftus 2001; Helser et al. 2004a and 
others). 

c. Realization of the risks of direct water-quality related mortality and/or high 
stress could impair spawning capacity, leading to sharp population declines. 

 

• Future investigation of catastrophic sucker mortalities should be conducted in a 
planned, systematic manner to identify major areas where mortality occurs and 
improve estimates of total losses to the populations.  Efforts to develop sucker 
population models are needed to enhance understanding of die-off impacts on 
population levels and their effects on the long-term recruitment and stability of 
the endangered species in UKL. 

 
2. Lack Of Recruitment 

• There has been a considerable amount of work completed on larval production 
and larval survival by Doug, Michael, and others.  We defer to their experience on 
the early life history stages and the conditions that promote the transition from 
egg to juvenile. 

• What happens between the juvenile and adult stage still remains a mystery.  After 
their first summer, juveniles move into areas that are not sampled by existing 
methods.  Larger juveniles and adults typically use the northern end of the lake 
(Reiser et al. 2001), but the mortality rates between the onshore juvenile stage and 
sub-adult stage are unknown. 

• Recently matured adults arrive at the spawning grounds at age 4 for Shortnose 
and age 5 for Lost River suckers at the earliest (Buettner and Scoppettone 1990), 
where they are observed in the trammel net survey. 

• We define recruitment as the addition of adults to the population.  The adult stage 
of the population is important because: 
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a. The adult stage is the only one capable of reproduction, thus affecting the 
addition of other animals to the population.  Further, stage structured models 
indicate that the population growth rate is most sensitive to adult survival rate 
(Caswell 2001).  This dynamic occurs because the number of opportunities to 
spawn is proportional to the survival rate. 

b. In UKL the adult stage is perhaps the best studied with an index of adult 
abundance through trammel net spawner surveys (USGS 2002) and through 
radio-tracking information (Reiser et al. 2001). 

c. There are many unknown factors that affect the stages between larvae entering 
UKL and recently matured adults being captured in the trammel net surveys.  
It is difficult to characterize those factors because there is little information on 
the juvenile stage. 

 

• For the adult population to remain at a relatively constant size, growth rate has to 
equal mortality rate.  In other words, the rate of recruitment into the adult stage 
must be equal to or greater than the mortality rate out of the adult stage.  In 
particular, if the mortality rate in the adult stage increases due to fish kills, the 
recruitment rate must also increase. 

a. Recruitment does not occur at a steady state.  Instead, there are episodic 
events that lead to good recruitment years (e.g., 1991 was a strong recruitment 
year [Cunningham and Shively 2001]). 

b. Without episodic fish kills, the mortality rate of suckers is quite low, therefore 
they live a relatively long time (reproductive age approximately 25 for Lost 
River Suckers and 27 years for shortnose suckers [Buettner and Scoppettone 
1990]).  As a result, there are many years in which they can spawn and only a 
few of those years need to be strong recruitment years in order to produce an 
egg that survives to adulthood. 

c. Long periods without recruitment during the 1980s (Buettner and Scoppettone 
1990) indicated that the sucker populations can be subjected to recruitment 
limitation.  It is unknown whether this lack of recruitment was due to the snag 
fishery, environmental conditions, or a lack of egg production. 

d. With episodic fish kills, the life span of adult suckers is reduced and so is their 
ability to “wait” for a good recruitment year to occur.  Without fish kills, the 
rate of good recruitment events may be adequate to sustain the population, but 
with a higher mortality rate (from more frequent fish kills) the recruitment has 
to be more frequent and persistent. 

 

• Older fish may have higher reproductive potential than younger fish, and age 
structure of the population may also influence recruitment; however, if egg 
production is not limiting, these effects may not be correlated with population 
size. 



162 PANEL ASSESSMENTS SECTION 8 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 

a. Older fish, which are usually larger, produce more eggs than younger fish, and 
loss of older fish can have a large impact on the egg production (Bohnsack 
1994). 

b. Eggs from older females may grow faster and be able to survive starvation 
longer than eggs from younger females (Berkeley et al. 2004). 

c. If population size is being limited by other factors (e.g., adult survival), then 
the amount of eggs produced will always be a surplus, and therefore will not 
be a limiting factor to population size.  Egg production could become a 
limiting factor once the bottleneck (e.g., adult survival) improves, however. 

 

• Fish kills may also affect recruitment directly.  Fish kills that affect adults also 
likely affect sub-adults.  Strong recruitment year classes that are expected to enter 
the adult population may fail to show up in the trammel net surveys because they 
were killed alongside older age classes. 

• Stock structure may also influence recruitment.  Stock structure refers to sub-
populations that may have intermittent mixing with other populations, but are 
largely isolated due to spawning location or timing.  In UKL, there may be a river 
spawning stock and a lake spawning stock for each species of shortnose and Lost 
River sucker (Hayes and Shively 2000). 

a. Little mixing between the lake and river stocks has been recorded based on 
tagging studies (Perkins et al. 2000a, USGS 2002). 

b. Shortnose sucker lake spawning stocks do not appear to be doing well 
(Shively personal communication 2005). 

c. There are several springs that formerly supported spawning populations but do 
not currently, suggesting that the recolonization rate of lake spawning habitat 
may not be common, or that those sites have been degraded. 

d. Movement between lake spawning grounds appears to occur, although 
spawning site fidelity is unknown (Markle and Cooperman 2001). 

e. If there are distinct lake and river stocks, the lake stock of shortnose suckers 
may be at risk of recruitment failure.  These stocks have little cushion to deal 
with chance events that increase mortality, such as fish kills. 

 

• Juvenile production may be a function of environmental conditions rather than a 
function of the number of eggs produced or the number of spawners in the year of 
spawning. 

a. Markle and Cooperman (2001) found that years when greater numbers of eggs 
were produced did not necessarily lead to greater numbers of juveniles at 
larger sizes. 

b. Environmental conditions during the entrance into Upper Klamath Lake 
(water temperature, lake elevation, and food availability) were a better 
indicator of larval recruitment strength than either the egg production or the 
number of spawners. 
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3. Spawning Habitat Blocked By Dams 

• Relative to populations of suckers in the Upper Klamath Basin, the Chiloquin 
Dam poses the greatest ongoing threat to upstream migration of suckers into the 
Sprague River system. 

• Constructed in the early 1900s and located near the confluence of the Sprague 
River with the Williamson River, the Chiloquin Dam may at times impair or even 
block upstream migrations of suckers to spawning habitats located above the dam. 

• It is presently unclear the extent to which the potential obstruction (from 
Chiloquin Dam) of adult suckers to upstream spawning habitats may influence 
overall sucker recruitment. 

• The NRC (2004), citing the Federal Register (53 Fed. Reg. 61744 [1988], p.5) 
noted that construction of Chiloquin Dam may have eliminated more than 95% of 
the historical spawning habitat in the Sprague River.  However, this would mean 
that the dam served as a complete barrier to upstream passage and that the 
adjoining fish ladder (located on the left side looking upstream) was completely 
non-functional, which is unlikely. 

• The condition of the fish ladder located on the left side of the dam (looking 
upstream) has deteriorated over the years and some biologists including those 
serving on the NAS committee have recommended that the dam be removed 
(NRC 2004).  The present understanding of the current operation of the ladder is 
that in spite of its condition, it does pass adult fish including adult suckers as well 
as redband trout (R. Shively personal communication), but that the full range of 
flows at which it is functional is largely unknown. 

• Providing unobstructed passage of adult suckers from UKL to upstream spawning 
habitats will require either 1) replacement of the existing fish ladder with a new 
structure that allows sucker passage under all flow conditions (when they would 
be present in the system), or 2) removal of the entire Chiloquin Dam to allow 
unrestricted passage through this reach. 

• However, there are environmental considerations associated with the dam 
removal option, including issues of sediment retention and release from behind 
the dam as it is being removed, as well as other water quality issues. 

• The extent to which passage impediments (related to Chiloquin Dam) to spawning 
areas may be limiting recruitment to sucker populations in UKL is unknown. 
However, it is one of the more readily fixable existing threats and efforts to 
reduce and/or eliminate the threat should be given high priority.  Coincident with 
this, however, should be a focused effort to improve the overall quality and 
quantity of habitats (including spawning) in the upper Sprague River system. 
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4. Entrainment Into Unscreened Diversions 

• Losses of larval and juvenile suckers via entrainment into numerous irrigation 
pump intakes have not been specifically quantified and may or may not constitute 
a major reduction to recruitment. 

a. Prioritization based on timing, flows and location relative to entrainable 
sucker life-stage abundance needs to be done to assess loss potential of 
smaller irrigation pump intakes. 

b. Engineering solutions need to be implemented where warranted in the future. 
 

• Entrainment losses from UKL have been much greater at A-Canal and over Link 
River Dam.  They will continue to be much more substantial than at any other 
location at the Link River Dam. 

a. Prior to the recent screen installation in A-Canal, entrainment losses of sucker 
juveniles were estimated to be nearly 50,000 in 1997 and nearly 250,000 in 
1998 (Buettner 2000). (Note: Buettner [2000] found that greater than 50% of 
suckers entrained were dead or moribund during periods of peak entrainment, 
implicating poor water quality exposure prior to entrainment as a causative 
factor.) 

b. Link River flows during irrigation months can range from the equivalent of, to 
> 10 times the A-Canal flows.  At comparable entrainment rates (or greater 
with A-Canal screens installed), losses to the UKL sucker population 
recruitment could be very large and significantly limit attainable sucker 
population levels in UKL. 

c. OSU assessments of 0+ year class abundance estimated entrainment losses 
from UKL measured by Gutermuth et al. (1998, 1999) were as great or greater 
than the 0+ suckers surviving until the late fall in UKL. 

 

• Future needs may include further evaluation of entrainment data to aid in 
understanding sucker population dynamics and production in UKL. 

 
5. Loss Of Springs For Spawning 

• Mark Buettner noted during the ISRP meeting (meeting # 2) that there has been a 
substantial loss of spawning groups of suckers in UKL and its tributaries 
including: Barkley Springs, Harriman Springs, four unnamed springs on the 
eastside of UKL, Odessa Springs, Bare Island Springs, Crooked Creek, Fort 
Creek, Sevenmile Creek, Crystal Creek and Fourmile Creek. 

• The Klamath Tribes (1991) completed an evaluation of UKL water level changes 
relative to spawning habitat at Sucker Springs and later at Ouxy Springs in 1995.  
Using those data sets and updated bathymetric information, Reiser et al. (2001) 
determined that spawning habitats at those two springs would be maximized at 
lake elevations around 4143. 
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• Larry Dunsmoor noted during the ISRP meetings that the last reported sucker 
spawning in Harriman Springs was in the 1970s. 

• Work directed at restoring functioning spring associated spawning habitat for 
suckers in both the UKL and tributaries is warranted. 

 
6. Decrease in Water Quality, 11 Blue-Green Algae Bloom 

• The analyses and evaluations of more than 10 years of UKL water quality 
monitoring data have clearly shown that seasonal decreases in water quality recur 
year to year and are caused by the growth and demise of the annual blue-green 
algae blooms cycles. 

a. Various authors and organizations have addressed several aspects of the 
dynamic relationships between algal blooms and water quality deterioration. 

i. Temperature degree-days affect algal growth rates to bloom levels 
(Wood et al. 1996; Kann 1998). 

ii. Algal photosynthesis effecting high pH (Kann and Smith 1999). 

iii. Bloom die-off (crash) effecting low DO and elevated ammonia to 
levels potentially stressful or toxic to suckers and other fish species 
(Kann 1998; R2 2001; Loftus 2001; Welch and Burke 2001; Perkins et 
al. 2000a,b and others). 

iv. The reliance of the bloom magnitude on available phosphorus from 
internal and external sources (Walker 2001; Welch and Burke 2001 
and others), including factors such as wind speed, light limitation, and 
lake level (Welch and Burke 2001; Kann and Welch 2005). 

b. Various authors and organizations have also addressed the relationships 
between poor water quality and stress, risk, and actual mortality to various 
sucker life stages and other UKL fish species. 

i. Toxicity and sublethal effects on larval and juvenile suckers (Saiki et 
al. 1999; Martin and Saiki 1999; Meyer et al. 2000; Lease 2000 and 
others). 

ii. Physiological stress and risk of poor water quality DO exposure 
(Loftus 2001; R2 2001; Welch and Burke 2001; Helser et al. 2004 and 
others). 

iii. In-lake mortality and disease related to poor water quality (Foote 
1996, 1997 and others). 

• The improvement of poor water quality conditions for the benefit of sucker 
survival and population recovery in UKL relies upon relatively few manageable 
alternatives. 

a. Manage for the reduction of nutrient inputs that stimulate algal bloom growth. 

i. Improve land use practices to minimize drainage flows from 
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agricultural land to reduce phosphorus and sediment inputs.  Such 
activities are under way and should be continued and expanded. 

ii. Remove known inflows of wastes and pollutants, including treated 
waste discharges and agricultural farm waste/irrigation return flows. 

iii. Create wetland sinks for nutrients that can not otherwise be removed 
or eliminated. 

b. Manage UKL surface elevation to retard and minimize bloom development.  
Holding lake levels high from early spring through July would have the 
following advantages in reducing/delaying algal bloom growth. 

i. Retard temperature increases that stimulate bloom development. 
ii. Reduce the rate of internal phosphorus loading from bottom sediments 

and nutrients available to algae. 
iii. Maximize lake surface areas where depths are great enough to allow 

light limitation to occur to slow algal growth rates. 
iv. Maximize the water column volume to dilute adverse effects of DO 

demands resulting from algal die-offs. 
v. Maximize water column volumes to dilute effects of bottom sediment 

oxygen demand during warmer periods. 
c. Maintaining high spring through early summer UKL levels have the added 

benefits of improving rearing condition/habitat for endangered sucker larvae 
and juveniles, thus, enhancing recruitment. 

i. Increasing habitat available in emergent shoreline vegetation areas (R2 
2001; Dunsmoor et al. 2000; Cooperman and Markle 2000). 

ii. Reducing predation on juvenile suckers by exotic species (Dunsmoor 
1993, 2005). 

iii. Improving near shore DO regime by minimizing local sediment 
oxygen demand effects (Loftus et al. 2004; Miranda et al. 2001). 

iv. Providing refugia from off-shore wind-driven currents likely to 
transport YOY suckers towards Link River Dam and out of UKL. 

• Future needs should include continued water quality monitoring at fixed locations 
and in conjunction with USGS adult radio telemetry studies to evaluate 
physiological and behavioral responses to UKL water quality.  Further study of 
lake circulation currents and patterns related to wind speed and direction is 
needed to better understand the dynamics of water quality conditions in UKL and 
their relation to sucker species/life-stage effects. 

 
7. Sport Fishery Harvest 

NO COMMENT  
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8. Predation And Spread Of Disease/Parasites By Exotic Species 

• Several members of the ISRP reported results of studies or analysis that suggested 
an ongoing threat to suckers related to exotic species and disease and parasites. 

• There are at least seven introduced species of fish in UKL (of the 19 that 
reportedly exist today (Reiser et al. 2001) including brown trout (Salmo trutta), 
brook trout (Salvelinus fontinalis), fathead minnow (Pimephelas promelas), 
brown bullhead (Ameirus nebulosus), largemouth bass (Micropterus salmoides) 
pumpkinseed (Lepomis gibbosus) and yellow perch (Perca flavescens). 

• Specific to predatory fish, Larry Dunsmoor of the Klamath Tribes (personal 
communication during ISRP meeting 2005) presented the results of a laboratory 
study completed by the Klamath Tribes (1995) that evaluated the predation rates 
of fathead minnows on larval suckers as a function of water depth and presence of 
cover; the study indicated that water depth strongly influenced predation rates.  
Doug Markle hypothesized that sucker larval mortality for any given year is 
related in part to the high numbers of fathead minnows that outcompete them for 
habitat and other resources and/or actively prey on larval suckers.  He observed 
that the two years with the highest fathead minnow abundance were also the two 
years of highest sucker larvae loss. 

• Regarding disease and parasites, Scott Foott of the USFWS noted that conditions 
that optimize pathogens in UKL (including Flavobacterium columnare) appear to 
coincide with periods when poor water quality conditions occur – primarily in late 
summer and early fall. 

• It was also noted that the incidence of the parasite Lernaea sp. a parasitic copepod 
has increased in juvenile suckers in the past few years.  According to Doug 
Markle, the parasitic copepod was first observed in 1995 in the Lost River sucker 
population and in 1996 in the shortnose sucker (Chasmistes brevirostris) 
populations with the infestation levels remaining high in both sucker species 
through 2003. 

• Measures to reduce or eradicate introduced species in the UKL have not been 
undertaken and they remain an ongoing and future threat to the sucker 
populations. 

 
9. Habitat Unprotected 

• The listing of endangered and threatened species provides an opportunity to 
designate critical habitat for the species.  Critical habitat was not designated at the 
time of listing in 1988.  Instead, the Fish and Wildlife Service found that 
“designation of critical habitat is not prudent or determinable for these species at 
this time” (Italics as in Fed. Reg. 53 [137]: 27130-27134).  Since the time of 
listing, additional information has been collected on the suckers that we believe 
would allow designation of critical habitat to occur.  Habitat should be designated 
based on the requirements of each life history stage.  Here we discuss the species 
of suckers and their requirements for Upper Klamath Lake only, as these are the 
geographical regions with which R2 is most familiar.  In some cases the habitat 
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required by suckers is dynamic (e.g., conditions in some region of the lake where 
DO is > 1.5 mg/L). 

• Spawning adults need access to spawning habitat, which include a number of 
UKL shoreline springs, as well as areas of suitable gravel habitats in the 
Williamson, Sprague and Wood river systems and several adjoining springs. 

i. See Dam blockages section. 
ii. In some populations, such as Tule Lake there are no tributaries in 

which to spawn.  For the population to be sustainable there must be 
reproduction and therefore spawning habitat and access to it. 

iii. The spring spawning populations appear to be declining. 
1. There is some indication that LRS and SNS have strong site 

fidelity (Shively et al. 2000). 
iv. Several springs (e.g., Harriman Springs) and spring dominated streams 

(e.g., Crooked Creek, Fort Creek) that were historically used for 
spawning are not any longer.  Reasons for this are unclear but likely 
signal some disruption or imbalance in sucker population dynamics. 

• Eggs need cool oxygenated river water or lakeshore springs in which to develop. 

• Larvae and early stage juveniles need emergent aquatic vegetation and near-shore 
habitat in which to develop (Cooperman and Markle 2000). 

• Juveniles need offshore conditions, but their distribution is not as clearly defined, 
therefore the exact requirements are unknown. 

• Adults 

i. Adults use deeper water areas, and those depths become limiting in the 
late summer months (Helser et al. 2004b). 

ii. To limit the risk of experiencing lethal or sublethal DO concentrations, 
adults require that DO levels be above 3.0 mg/L in the northern end of 
UKL. 

iii. Access to refugia (e.g., Pelican Bay and the Williamson River in UKL 
and Link River in Lake Ewauna) are needed to protect adults during 
poor water quality events.  Observations of tagged shortnose and Lost 
River suckers indicated that fish used Pelican Bay while dissolved 
oxygen was below 2.0 mg/L in the northern end of UKL (R. Shively 
personal communication 2004).  Movement by suckers from low DO 
levels in Lake Ewauna to higher DO levels in Link River was also 
observed (R. Piaskowski personal communication 2004). 

• The designation of critical habitat is an important step in stabilizing the decline of 
endangered suckers.  Population modeling may help identify life history stages 
that could benefit the greatest from habitat designation. 

• One note for habitat outside of Upper Klamath Lake – hybridization may be due 
in part to loss of critical habitat for a particular species.  See Section 10. 
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10. Increased Incidence Of Hybridization 

• Much of this work related to the genetic information of the suckers of the 

• xonomic classifications are an 

• e a complex of species that are capable of hybridizing. 

 to 

ii. must be available for 

iii. hybridization of shortnose and 

• Hybridizat ndicate that the species is stressed from a population 

onfined spawning habitat due to geographic impingement or to 

• If there is ay be 

tion of species in this system therefore has both genetic and 

• Hybridizat t the species is stressed from a population 

ecies are resilient because there is some genetic capacity. 
of critical 

 
1. Blue-Green Algae Blooms 

• See 6 above. 

 

Klamath Basin has been produced by Doug Markle and his associates, and we 
only offer an evaluation based on those findings. 

Speciation is a dynamic process; therefore ta
attempt to take a snapshot of a system that is being modified by natural and 
anthropogenic forces. 

The suckers appear to b

i. There appears to be both a genetic and environmental component
speciation in the suckers of the Klamath Basin. 
In order to maintain distinct species, habitat 
behavioral differences to be expressed. 
This is probably most noticeable in the 
largescale suckers in the Lost River system, where loss of lake habitat 
and a short spawning season has reduced the opportunities for 
differentiation.  Although there appears to be no genetic differentiation 
among the shortnose and largescale suckers (mtDNA and nuclear 
DNA markers) at the levels currently evaluated, there must be a 
genetic predisposition for shortnose suckers to use lake habitat if it is 
available; the alternative is that the use of lake habitat is a learned 
behavior. 

ion may i
perspective. 

i. C
temporal constraints may create opportunities for hybridization. 

 genetic capacity for hybridization, lack of critical habitat m
evident as hybridization.  If there is not genetic capacity for hybridization, the 
lack of critical habitat may be evident as the local extinction of one species due to 
being outcompeted. 

i. Conserva
habitat requirements. 

ion may indicate tha
perspective. 

i. Sp
ii. Incurring stress on the population because there is a lack 

habitat to the species. 

1
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2. Die-Offs During Hot Or Dry Years 

• Hot or dry years have not been linked directly to fish kills, although algal blooms 

• water temperature, and 

• blooms leading to poor water quality events has 

13. Pollution Of UKL And Lo

 
 Exotic Fish  Perch) 

 
OVERA

1
 

and the subsequent crashes decrease dissolved oxygen levels stressful to suckers 
(please see 1 above).  The relationships are complex and we would not expect a 
simple correlation between hot or dry years and die-offs. 

Low DO on the bottom was correlated to wind speed, 
algal biomass change between July and August (R2 Resource Consultants 2004).  
Higher maximum surface water temperature and maximum 4 hour wind speed 
increased DO near the bottom. 

The mechanisms for decaying 
been described by Kann (Presentation to the ISRP group 2005) and by Wood 
(Presentation to the ISRP group 2005).  The mechanisms are still being 
investigated; however there did seem to be a bloom and subsequent crash prior to 
the fish kill of 2003.  Dissolved oxygen in the north end of UKL decreased 
throughout the lake and tagged suckers moved towards areas of water quality 
refuge (Pelican Bay and Williamson River).  Dead fish were collected subsequent 
to the DO levels dropping throughout the northern end of UKL. 

 
w Inflow Caused By Diversions 

• See comment under No. 6. 

14. es (FH Minnow And Yellow
• See comment under No. 8. 

LL CONCLUSIONS 
 
Based on discussions during the ISRP meetings, our review of recent reports and 

ublications, and our overall knowledge of the UKL, the Upper Klamath watershed, and 
 

p
the fishery resources that reside in these systems, we conclude there is insufficient
information of a compelling nature presently available from which to base any 
modifications to the listing status of either the shortnose or Lost River suckers. 
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Rip Shively 
US Geological Survey, Biological Resources Division 
Klamath Falls Field Station 
 
Comments on Threats to the Lost River and Shortnose Suckers 
 
 
Threat Matrix 
 
A. Destruction, modification, or curtailment of habitat or range 
 
Significant and sharp population declines – The available data from pre-listing 
indicates there were sharp declines in population trends as evident by personal 
observations, creel surveys, and Williamson River surveys.  Although a detailed 
monitoring program did not exist in the 1950’-1980s it does not seem to be a stretch to 
assume population size was larger in the 1950s than in the mid-1980s.  There was some 
recruitment in the late 1980s early 1990s that appeared to bolster the populations, 
however, the fish kills from 1995-1997 did reduce populations based on the monitoring 
data from the Williamson River.  While we have some understanding of the possible 
mechanisms for fish kills, we do not have a complete understanding of what precipitates 
these events (i.e., weather conditions, bloom dynamics, fish densities, etc.) or a model to 
predict the frequency of occurrence.  Certainly the regular occurrence of fish kills would 
cause sharp population declines, especially if recruitment was poor (see below).  It is 
more likely the reduction in population size was due to reduced survival coupled with 
poor recruitment punctuated with fish kill events.  Poor water quality conditions exist in 
the lake every year during the summer; although the extent and duration of poor water 
quality likely influences the probability of fish kill occurring.   
 
Currently, the populations are at a level where we have seen both increases and decreases 
over the 4-5 year period where we can estimate rate of population change.  In the period 
from 2003 to 2004 population size was estimated to decrease by 25%, which could be 
considered substantial although population size in the previous years was estimated to 
have increased.  The cause for the decline was due to reduced survival compared to 
previous years coupled with poor recruitment.  It should be noted that in the summer of 
2003 over 100 dead suckers were collected in Upper Klamath Lake although the numbers 
of dead fish observed was less than in 1995-1997.  One of the limitations of the current 
data is that estimates for certain vital rate parameters are only available for a few years.  
Ideally, more informed management decisions could be made with a longer term data 
Available data suggest, however, the potential for sharp population declines still exists 
(due to poor water quality and infrequent recruitment) and likely will continue to exists in 
the immediate future. 
 
Lack of Recruitment – Infrequent recruitment still appears to exist for UKL 
populations. We have seen some recruitment in 1999-2002 and have quantifiable 
estimates for 2001-2004.  When thinking of recruitment it is important to consider that 
for relatively slow maturing species a particular cohort will recruit in over a period of 
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several years, thus if there is good juvenile production and good juvenile survival every 
2-3 years and these events translate into recruitment at the adult life stage then we should 
be seeing some degree of consistent recruitment into the populations.  Monitoring efforts 
by OSU however, suggest infrequent production on a relative scale and it is still unclear 
if their sampling has occurred during a banner production year. Also, it should be noted 
that good production and survival in the first year only increases the probability of that 
cohort recruiting strongly into the adult population. If cohort survival is poor for 
subsequent years, this likely will translate into poor recruitment. The potential for 
reduced survival will reduce the mean life span for fish once they reach adulthood 
(reference mean life span curve from the adult monitoring presentation) result in fewer 
spawning opportunities.  If juvenile production and subsequent recruitment remains 
infrequent from than this could increase the vulnerability of populations, particularly if 
large fish kills occur during a time period of reduced recruitment. 
 
Also, it should be noted that to some degree we have probably seen this type of losses to 
“attrition” at some of the shoreline spawning populations that no longer have fish. 
 
Spawning habitat blocked by dams – It has long been a misconception that Chiloquin 
Dam blocks passage of suckers to the Upper Sprague River.  Sampling of the fish ladder 
since 2000 has indicated adult suckers do utilize the ladder for passage, although the 
efficiency of the ladder is in question.  From the five years of data collected it appears 
that passage through the ladder is related to river flows, with better conditions for passage 
experienced at higher flows.  That being said, the proposed removal or installation of new 
fish ladders at Chiloquin Dam should improve passage above this facility.  Increased 
passage however, may not necessarily translate into increased production of larvae and 
juveniles due to degraded habitat conditions in the Sprague River.  Analysis of radio 
telemetry data from adult suckers tagged at Chiloquin Dam would indicate that suckers 
currently moving above the dam are spawning at several selected areas in the river and 
that spawning activity is not occurring over broad expanses of the river.  Thus, until 
restoration efforts improve riverine habitat the benefits of dam removal or improved 
passage may not be readily recognized.  Also, any improvements to the sucker 
populations may not be recognized (i.e., seen in recruitment to the adult population) for 
5-10 years.  Improving access above the dam is certainly a positive step towards recovery 
but other things will likely have to occur in order to have substantial positive benefits to 
sucker populations. 
 
Entrainment into unscreened diversions – There has been a commitment to improve 
the screening of diversions and this will reduce entrainment.  As habitat conditions 
improve in the Upper Basin there will be an increased need for screening of certain 
diversions.  Hopefully, if water quality is improved in UKL the benefits of screening the 
A-Canal and other diversions in the southern half of the lake will provide more 
incremental benefits for recovery.  As for now, questions remain about the fate of fish 
that would have otherwise been entrained into the A-Canal because of water quality 
conditions in the south end of Upper Klamath Lake and Lake Ewauna.  In the long-term 
reducing the losses to entrainment will be positive for the populations.  In the short-term, 
however, I do not believe the re will be any major benefits to sucker populations. 
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Loss of springs for spawning – Certainly there has been a loss of certain shoreline 
spawning populations throughout UKL.  Restoration of some of these habitats such as 
Barkley Springs could provide substantial benefits to sucker populations.  Other 
restoration efforts, however, should consider the reasons for loss of certain spawning 
populations (e.g., Malone Springs, Harriman Springs) before substantial efforts are made. 
It is possible that current lake management may favor riverine spawning stocks over lake 
spawning stocks.  Data from OSU’s juvenile monitoring program suggests that fish 
produced earlier in the year are not as abundant as later spawned fish.  In most years, 
spawning is first observed at shoreline spawning areas and it is possible these fish are 
being selected against, which could add to the losses due to “attrition” (i.e., slightly 
reduced survival coupled with lack of adequate recruitment). 
 
Decrease in Water Quality – Water quality conditions in UKL continue to be the 
greatest single threat to sucker populations and the one factor that is most likely to limit 
recovery. Unfortunately, it may take 10-20 years to begin to see the potential benefits of 
restoration activities.  Since monitoring has been conducted there have not been any 
significant improvements to water quality in Upper Klamath Lake.  It is likely that since 
the time of listing (or even before the listing) water quality has remained about the same 
in that the lake still experiences wide shifts in dissolved oxygen, pH, and ammonia.  
Currently in the summer months, adult sucker distribution is limited to the northern third 
portion of Upper Klamath Lake, and during extreme poor water quality events that 
distribution is limited even further to a few isolated areas.  Improvements in water quality 
would reduce chronic and acute stress to the sucker populations and would likely have 
the greatest benefits to recovering the two species. 
 
B. Over-utilization 
 
Sport Fishery Harvest – This threat has been eliminated for the most part other than 
incidental catch or malicious acts. 
 
C. Disease or predation 
 
Predation and spread of disease and parasites by exotic fishes – It is unknown what 
threat the spread of disease or parasites by exotics pose to sucker populations.  Since 
1995 there has been an increase in the incidence of Lernaea on juvenile suckers sampled 
by OSU.  The fish community structure, however, has not been observed to change nor 
have any new species been introduced to Upper Klamath Lake.  The increase presence of 
external parasites can compromise populations by allowing more portals to infection 
from other diseases. 
 
D. Inadequacy of existing regulatory mechanisms 
 
Habitat unprotected – Certainly much habitat has been altered or destroyed in the 
Upper Basin that has contributed to the decline in populations either due to providing 
physical habitat or reducing water quality.  Some restoration is underway although 
estimates from some professionals most directly involved would estimate there is still a 
long way to go at restoring form and function of critical habitat.  The current Biological 
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Opinion identifies target lake elevations based on water year type, but it is unknown how 
these lake elevations benefit or harm the listed species. 
 
E. Other natural or manmade factors affecting continued existence 
 
Increased incidence of hybridization with other suckers – It is unclear how much 
hybridization naturally occurred in these populations.  The available genetic evidence 
suggests some gene exchange to be normal and likely beneficial.  Others like Doug 
Markle and Tom Dowling are better equipped to answer this question. 
 
Blue green algae blooms – Water Quality problems associated with the massive blooms 
of AFA remain the biggest threat to sucker populations. 
 
Die-offs during hot or dry years – It is unclear what events precipitate of fish kill.  It is 
likely that weather, bloom dynamics, and fish behavior and density play a role in the 
occurrence and magnitude of these events.  The fish kills of the past have shown the 
potential to dramatically alter populations and offset significant recruitment events. Also, 
some consideration should be given to the impact of elevated mortality rates that while 
not necessarily approach the rates associated with observed fish kills, remain higher than 
what would be considered normal given the maximum life-span of the species.  Clearly, 
with the lack of improvement to water quality in Upper Klamath Lake, the threat of fish 
kills and elevated mortality remains and could likely inhibit recovery of the two species. 
 
Pollution of UKL and low inflows caused by diversions – Tend to view excessive 
external nutrient, both point and non-point source loading rather than pollution. 
 
Exotic fishes – Certainly there can be competition and predation by exotic fishes.  The 
extent to which this has impacted sucker populations is unknown.  It is conceivable the 
impacts have been detrimental although there are limited management options to improve 
the situation.  It is possible as habitat conditions improve that conditions may become 
more favorable for other exotics that are in the system (e.g., largemouth bass) but have 
yet to become firmly established in Upper Klamath Lake due to poor water quality. 
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Roger C. Smith 
District Fish Biologist, Klamath Watershed District 
Oregon Department of Fish and Wildlife 
 
Comments regarding 5-Year Status Review of Shortnose and Lost River Suckers 
 
 
Thank you for giving the Oregon Department of Fish and Wildlife the opportunity to 
participate as a member of the Independent Scientific Review Panel (ISRP) 5-year Status 
Review of Klamath shortnose and Lost River Suckers. The information exchanged during 
the meetings was very valuable in providing a review of the current status of these fish. 
 
At the time of listing, fourteen threats to populations of shortnose and Lost River suckers 
in the Upper Klamath Basin were identified in the original listing decision. As requested, 
summarized below are Department comments regarding the status of those same fourteen 
threats considering updated information provided at ISRP meetings. These comments are 
provided in the same order as summarized in the original listing decision. 
 
A. Destruction, modification, or curtailment of habitat or range 
 

1-Significant and Sharp Population Declines 
The increased frequency of recent ESA listed sucker die offs is of a great concern. 
Scott VanderKooi (USGS) reported sucker die offs in Upper Klamath Lake in 
1894, 1928, 1932, 1967, 1968, 1971, 1986, 1994, 1995, 1996, 1997, and 2003. 
These mortalities appear to be tied to poor water quality in Upper Klamath Lake. 
 
Since mid-1980 these die offs have resulted in changes in size and age structure of 
Lost River and shortnose sucker populations. Populations that were previously 
dominated by larger (older) fish, now consist of mostly smaller, younger fish. The 
removal of larger, older-aged fish, which have the highest fecundity, may be 
decreasing the sucker’s reproductive productivity, reducing their resiliency and 
increasing their risk of extinction. 
 
For example, shortnose sucker population abundance continues to be extremely 
low in Recreation Creek (tributary to Upper Klamath Lake) and Wood River and 
tributaries (tributary to Agency Lake). Shortnose suckers were historically 
common in Crooked Creek, a tributary to the Wood River. The last observed 
shortnose sucker in Crooked Creek was documented in the late 1980s, in the 
vicinity of Klamath Hatchery. No shortnose suckers have been observed during 
annual redband trout spawning surveys conducted on Crooked Creek by ODFW 
staff in recent years. Larval data has also suggested that sucker production in 
Agency subbasin has been low (an order of magnitude lower cpue than UKL) and 
beach seine cpue in Agency has hovered near zero since 1997. 
 
No data was presented during ISRP meetings to suggest significant sucker 
population increases in recent years, or reduction in threats from water quality 
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induced die-offs. Sucker die offs occurred at the time of listing and are continuing 
to occur at a greater frequency than historically. 
 
2-Lack of Recruitment 
 
Lack of adult spawner recruitment was identified as a significant risk factor for 
both shortnose and Lost River suckers at the time of listing, and continues to 
present a problem to the long term survival of these species.  
 
Data from yearly sampling of adult Lost River and shortnose sucker populations 
in Upper Klamath Lake from 1995-2004, presented by Rip Shively (USGS), 
suggests there has not been substantial recruitment to the adult populations during 
this time period.  
 
Information from 2001-2004, presented by Oregon State University researchers 
(Markle, Terwilliger, and Cooperman), indicates that recruitment (survival) of 
juvenile shortnose and Lost River suckers is highly variable. Several populations 
showed reduced survival in recent years.   
 
Loss of larval and juvenile sucker habitats through channelization of the lower 
Williamson and Wood rivers, loss of historic rearing areas through diking and 
drainage of wetlands for agriculture, the effects of low lake water levels on the 
quantity and availability of juvenile and larval fish habitats, frequent poor water 
quality in Upper Klamath and Agency lakes, and predation by warmwater fishes 
in these lakes have all been identified as factors contributing to reduced 
recruitment of Lost River and shortnose suckers. No information was presented 
during ISRP meetings to indicate that any substantive progress has been made to 
ameliorate these impacts since time of listing. 
 
3-Spawning Habitat Blocked by Dams 
 
At the time of listing, ineffective fishways at Chiloquin and Link River dams were 
identified as significant barriers to upstream spawning areas for migrant Lost 
River and Shortnose suckers. 
 
Chiloquin Dam partially blocks upstream fish passage on Sprague River, 
approximately 20 km upstream from Upper Klamath Lake. Chiloquin Dam blocks 
most suckers from accessing suitable spawning habitat in approximately 70 km of 
the upper river. As a result, most spawning for Lost River and Shortnose suckers 
occurs in approximately 10 km of river below the dam. Although a rudimentary 
fish ladder exists, access to spawning habitat continues to be severely impeded by 
the Chiloquin Dam. Some progress has been made to address this issue through 
collaborative efforts among agencies to investigate alternatives for fish passage at 
Chiloquin Dam. The Environmental Assessment to improve passage at the 
Chiloquin Dam is currently undergoing public review. No physical improvements 
to Chiloquin Dam have been made to date. 
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Fish passage between Lake Ewauna and Upper Klamath Lake has been recently 
(2005) improved through the reconstruction of the fishway at Link River Dam. 
With upstream passage improvements at Link River Dam, the Lake Ewauna 
populations of shortnose and Lost River Suckers have likely had a major hurdle 
removed to their long term stability. However since the improvements are new, 
insufficient time has passed to demonstrate how these population are responding 
passage improvements. 
 
4-Entrainment into Unscreened Irrigation Diversions 
 
At the time of listing, loss of juvenile and adult suckers in unscreened irrigation 
diversions was identified as a significant risk factor to shortnose and Lost River 
suckers, and an identified problem since 1898. Also see: - Error! Hyperlink 
reference not valid.
 
Since listing, the number one screening priority for the State of Oregon (A-Canal) 
has been screened, along with numerous smaller irrigation diversions within the 
Basin, yet numerous unscreened diversions still exist. There has been a substantial 
reduction in the threat from entrainment at unscreened diversions. The loss of 
larval and juvenile suckers from entrainment has been reduced. However, the 
dominating effects of poor water quality on recruitment of juvenile shortnose and 
Lost River suckers continue to override the positive effects made through the 
reduction of entrainment of suckers. 
 
5-Loss of springs for spawning 
 
The original listing identified low lake levels, which inhibit ingress to and egress 
from springs located on the east shore of Upper Klamath Lake, as a limiting factor 
to successful lake spawning of suckers. Low lake elevations continue to exist each 
summer in the Basin. It was suggested by members of the ISRP during review 
meetings that the ESA threatened listing of Klamath River coho salmon has 
resulted in more water being sent down river for salmon, with less water available 
to maintain levels in Upper Klamath Lake. 
 
The number of shortnose suckers observed in the “Sucker Springs” area of Upper 
Klamath Lake remains very low. Fewer than 200 shortnose suckers are handled 
annually by BRD field crews conducting population estimates at the springs. The 
majority of shortnose suckers captured while returning to the springs are currently 
marked with coded wire tags. The presence of few un-marked individuals 
suggests a low population size. Lost River suckers appear healthier at “Sucker 
Springs”. Approximately 1,500 fish have been observed there by field crews 
during annual sampling. 
 
Recent (2002, 2003, 2004) attempts have been made to enhance the sucker 
spawning habitat at springs on the Sprague River. No information was provided 
during review meetings that would indicate an increased use of these Sprague 
River springs by shortnose or Lost River suckers. 
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Shortnose and Lost River suckers that reside in riverine sections of the Lost River 
subbasin continue to experience their access blocked to spawning areas (springs) 
due to impassable irrigation diversions. Die offs of suckers in the subbasin have 
likely eliminated a large portion of the adult spawner population. No adults have 
been observed spawning at “Big Springs” located near the town of Bonanza since 
1992. 
 
Historical data regarding the abundance of suckers using various springs in the 
Klamath Basin is lacking. Thus, comparisons to the current conditions are 
difficult. However, many springs that were historically used by suckers for 
spawning currently have no adult suckers present (Harriman Springs, Barkley 
Springs, Malone Springs, and Hagelstein Springs). 
 
Access to spawning habitats (springs) continues to be an obstacle to sucker 
recovery in the Basin. 
 
6-Decreases in Water Quality 
 
Water quality in Upper Klamath Lake remains stressful for all fish present, 
including Lost River and shortnose suckers. Although there was no information 
presented during ISRP meetings that water quality has continued to degrade 
further, there was also no indication that water quality has improved or will 
improve substantially in the next 10 years. It was estimated by Dr. Kann (The 
Klamath Tribes) that it could take as many as 30 years of reduction of nutrients 
into Upper Klamath Lake before significant improvements in water quality would 
be realized. 
 
The frequency of Lost River and shortnose sucker mortalities in Upper Klamath 
Lake has increased in the past 15 years. Fish die offs have been attributed to 
blooms of blue-green algae (Aphanizomenon flos-aquae), which now dominates 
lake flora. Dr. Kann presented information from paleolimnological core studies 
that indicated increased sediment accumulation rates of akinetes (resting cells of 
Aphanizomenon) in more recent lake sediments. Akinetes were not present in 
older sediments (>100 yrs) in Upper Klamath Lake. Their presence in Upper 
Klamath Lake coincides with human development in the Basin. Data were 
presented that indicate hypereutrophication of Upper Klamath Lake and 
associated algal blooms are related to internal loading (from lake sediments) and 
external loading of total phosphorus (from land use activities). 
 
High algal production was demonstrated to effect water quality in several ways. 
High algal abundance can cause elevated pH levels (> pH 10), and when the 
bloom dies, dissolved oxygen levels drop to very low levels. As pH rises, un-
ionized ammonia levels rise. The combination of low dissolved oxygen, high pH, 
and high un-ionized ammonia levels cause physiological stress and mortality in 
both Lost River and shortnose suckers. 
 



184 PANEL ASSESSMENTS SECTION 8 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 

Dr. Loftus (The Klamath Tribes) provided information on limnological factors 
that cause physiological stress for suckers. Large areas of Upper Klamath Lake 
continue to have water quality conditions highly stressful to fish (including ESA 
listed suckers). Maximum stress levels typically occur in June or August. High 
algal production in Upper Klamath Lake, with resultant elevated levels of un-
ionized ammonia, directly produces environmental conditions highly stressful for 
suckers. Dr. Loftus also stated that these stressful conditions have appeared to 
have increased since the mid-1990s. 
 
Because adult suckers tend to select areas in Upper Klamath Lake with suitable 
water quality, reduced lake levels result in smaller areas available in for suckers to 
avoid stressful environmental conditions. Fish tagging studies found that suckers 
tend to concentrate in areas of higher water quality near Pelican Bay. As a result, 
concentrations of stressed suckers attempting to avoid poor water quality may be 
more susceptible to disease, primarily F. Columnaris. 
 
Dr. Kann also presented data from recent studies of dissolved organic carbon, 
total dissolved nitrogen, total dissolved phosphorus, ammonium, nitrate, and 
orthophosphate associated with agricultural runoff into Upper Klamath Lake. 
Concentrations of all nutrients in the agricultural runoff increased following 
application of irrigation water on local fields. The study concluded that current 
and historic land use practices have likely significantly increased levels of 
nutrients entering Upper Klamath Lake. Input of nutrients is especially 
exacerbated each year immediately following the first application of irrigation 
water on local fields adjacent to the Lake. 
 
Continued poor water quality in Upper Klamath Lake and the increased frequency 
of water quality induced fish mortalities continue to be a substantial threat to the 
persistence and recovery of suckers in Upper Klamath Lake. 
 

B. Overharvest 
 

7-Sport Fishery Harvest 
 
Sport harvest of shortnose and Lost River suckers was considered at the time of 
listing to be a major factor of decline, which removed older age suckers from the 
spawning population. The recreational sport fishery has been closed for 
approximately 20 years. This sport fishery will remain closed for the foreseeable 
future. A harvestable surplus of adult suckers and secure juvenile and adult 
habitats will be necessary before a sport fishery will be re-opened. This specific 
threat to the shortnose and Lost River suckers has been eliminated. 
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C. Disease or predation 

 
8-Predation and spread of disease/parasites by exotic fishes 
 
At the time of listing it was presumed that predation and the spread of disease by 
exotic fish was a major limiting factor in the decline of shortnose and Lost River 
sucker populations. The results of recent investigations by Dr. Markle into 
predation by fathead minnows has demonstrated that predation by fathead 
minnows on larval suckers (10 to 15 mm in length) could be a potentially 
significant factor in the decline of sucker abundance. There is a distinct 
correlation that annual sucker (larval) mortality was lowest in years when fathead 
minnow abundance was also low. 
 
Sucker mortalities from secondary infections of F. Columnaris and other bacterial 
diseases are more likely a result stress from poor water quality conditions in 
Upper Klamath Lake rather than disease infections from exotic fish. 
 
Dr. Mike Cooperman (OSU) presented evidence that abundance of the parasite 
Lernaea on shortnose and Lost River suckers is currently higher than observed at 
the time of listing. Sucker mortalities from bacterial diseases have likely increased 
in recent years due to increased infections from parasites. These parasites are 
likely now more prevalent due to the abundance of exotic fishes present in Upper 
Klamath and Agency lakes. 
 

D. Inadequacy of existing regulatory mechanisms 
 

9-Habitat Unprotected 
 
Much of the Basin is in private ownership. Impacts from intensive grazing, 
agricultural nutrient loading, chemical applications, irrigation diversions, and 
forestry practices continue. No information was presented at ISRP meetings to 
suggest significant changes in statutes or regulations have occurred since the time 
of listing which would provide additional protection of habitat and reduction of 
impacts from these land use activities. 
 

E. Other natural or manmade factors affecting continued existence 
 
10-Increased Incidence of Hybridization with other Suckers 
 
Dr. Dowling (ASU) and Dr. Markle (OSU) presented information that all four 
taxa of Klamath suckers (shortnose, Lost River, large scale, and small scale) are 
distinct species that form a “syngameon” or association of suckers. These fish 
have exchanged genes for a long time (~ 5 million years) and look similar through 
the current genetic analytical techniques. Hybridization is a natural part of the 
syngameon association. Although they look similar genetically, each species has 
distinct morphometric and life history traits. 
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Lost River suckers appear less likely to incorporate external DNA (through 
hybridization) than shortnose suckers. 
 
If hybridization arises from natural circumstances then it is not of concern. 
However, if human factors have changed the balance of hybridization (changed 
the selection process) then it is significant and needs to be addressed. 
 
Reductions in the available spawning habitat due to manmade barriers (ex. 
Chiloquin dam) may have resulted in an increased overlap of sucker species on 
the spawning grounds and increased hybridization. There is no indication that this 
situation has changed since listing. 
 
No data was presented during ISRP meetings to document an increased incidence 
of hybridization between sucker species (since it would be extremely difficult to 
detect through current techniques) but it is likely an on-going threat to these 
distinct species. 
 
11-Blue Green Algae Blooms 
 
The algal bloom cycle was identified by several researchers (ISRP panel 
members) to be the major factor causing sucker die offs in Upper Klamath Lake. 
See discussion under section #6-Water Quality. 
 
Input of nutrients from agricultural, grazing, and forest lands have resulted in 
hypereutrophication of Upper Klamath Lake. Some reduction has occurred in the 
total amount of nutrients pumped off agricultural fields. Additionally, some 
wetland restoration work has been completed, which should help store nutrients 
and make them less available for algal growth during summertime periods. 
However, Dr. Kahn estimated that it could take 15 to 30 years to utilize nutrients 
currently in sediments of Upper Klamath Lake. 
 
The increased frequency of die-offs in the past 15 years suggests this threat may 
be a more serious threat since listing. 
 
12-Sucker mortalities during hot or dry years 
 
There currently is insufficient information to determine if there has been an 
improvement in environmental conditions that typically cause shortnose and Lost 
River sucker die-offs in hot or dry years. Lake water levels, water temperatures, 
wind patterns, cloud cover, and fish crowding all can have major influences on 
whether die-offs will occur during dry or hot years. Ongoing research should 
provide additional insight into the factors affecting die offs and whether progress 
is being made to reduce risks to the sucker populations. 
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13-Pollution of Upper Klamath Lake and low inflows caused by diversions 
 
Dr. Kann presented data from a recent study regarding agricultural runoff of 
dissolved organic carbon, total dissolved nitrogen, total dissolved phosphorus, 
ammonium, nitrate, and orthophosphate. Concentrations of all nutrients increased 
between the irrigation waters entering agricultural fields and run off exiting the 
fields. The study concluded that land use practices can have a significant affect on 
the volume of nutrients entering Upper Klamath Lake, especially each year during 
the first application of irrigation water on local fields. 
 
On a positive note, progress has been made in reducing point sources of nutrient 
input (Modoc Point septic system) into the lake system. In addition, a TMDL 
reduction plan has been initiated for Upper Klamath Lake. However, it may take 
decades for these efforts to effectively reduce nutrient loading in Upper Klamath 
Lake. 
 
The risk of pollution and low flows caused by water diversions that was identified 
at the time of listing of the two sucker species continues to present risks to 
shortnose and Lost River suckers. 
 
14-Exotic fishes (fathead minnows and yellow perch) 
 
Illegal and un-authorized introductions of non-native fish into Upper Klamath and 
Agency lakes continues to potentially provide a threat to recovery of shortnose 
and Lost River suckers. Recent discoveries of Alligator gar (dead) and channel 
catfish (Bureau of Reclamation, A-Canal salvage report) demonstrate that illegal 
introductions in the absence of ODFW authorization continue to occur. 

 
In summary, based on information presented at ISRP meetings, the Oregon Department 
of Fish and Wildlife has concluded that Klamath Basin populations of shortnose and Lost 
River suckers continue to exist in a very vulnerable state. This conclusion is based on the 
fact that abundance of shortnose and Lost River suckers in the Klamath Basin has not 
significantly increased since the time of listing, most of the major threats to these 
populations still exist, and in many cases are more severe. 
 
Thank you for the opportunity to participate in the review process. 
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Dave Vogel 
Natural Resource Scientists, Inc. 
 
Comments for the 5-Year Status Review on the Endangered Lost River and 
Shortnose Suckers 
 
Independent Scientific Review Panel 
 
 
Introductory Comments 
 
The US Fish and Wildlife Service (USFWS) is to be commended for assembling this 
independent scientific review panel (ISRP) to evaluate the status of the Lost River and 
shortnose sucker populations.  In particular, those individuals providing technical 
presentations did an excellent job summarizing recent research on the suckers and 
potential factors affecting their populations and habitats.  Because so much research has 
been conducted on suckers since 1988, this new information is invaluable to determine 
trends in the species status.  In particular, I found that comparing the administrative 
record used to justify listing the two sucker species in 1988 with present-day knowledge 
very instructive and insightful.   
 
As I understood the assignment for the ISRP, the group was asked to examine the status 
of the two endangered suckers by focusing on the “best scientific and commercial data 
available” since listing or most recent status review, such as: 
 

• population trends, distribution, abundance, demographics, and genetics; 
• habitat conditions including amount, distribution, and suitability; 
• conservation measures that have benefited the species; 
• threat status and trends; and 
• new information, data, or corrections including, but not limited to, taxonomic or 

nomenclatural changes, identification of erroneous information contained in the 
listing, and improved analytical methods” (ISRP, Workshop No. 1, February 25, 
2005) 

 
“Threats” to the Sucker Populations 
 
The ISRP was charged with assessing potential threats to the sucker populations and 
provide their expert opinions of potential factors that may threaten the species with 
extinction.  However, I believe that the word threat was used somewhat loosely and 
inconsistently during the ISRP process.  I bring this point to the attention of the USFWS 
because as long as the word threat is vague and ill-defined, one could easily argue that 
there will always be threats to the sucker populations.  “Threat”, in the ESA vernacular, 
means that a particular factor is likely to cause a species to go extinct: 
 

“Extinction threat can come from any one of five factors:  loss of 
habitat/reduction of range; over-utilization; disease/predation; inadequate 
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protection; other factors.  Difference between endangered and threatened 
is timing of extinction: endangered – threat is present; threatened – threat 
is in future” (ISRP, Workshop No. 1, February 25, 2005) 

 
It is the “threat of extinction” logic upon which the following comments are based. 
 
Possible versus Probable Impacts to the Sucker Populations 
 
During the review process there were no apparent distinctions made between factors that 
may possibly threaten the species with extinction versus probably threaten the species 
with extinction.  If it is assumed that “threat” means that there is a very real (or probable) 
risk that a factor could truly result in the species going extinct, then the listing status is 
warranted.  However, if there is an unlikely, but possible, risk that a particular factor 
could lead to the species extinction, then that factor should not be used to justify 
threatened or endangered status.  Assuming this rationale is accurate, the status review 
should make that distinction.   
 
To be clear here, the following comments are based on the probability, not possibility, 
that a particular factor threatens the two sucker species with extinction.  
 
Specific Comments 
 
Using the matrix provided by the USFWS to the ISRP for this review, the following are 
comments on each of the 14 categories identified as potential threats.  
 
A. Destruction, modification, or curtailment of habitat or range 
1.  Significant and sharp population declines 
 
In 1984, the Upper Klamath Lake population of shortnose suckers was estimated at 2,650 
fish and in 1985 too few fish could be found to estimate the population size.  The 
estimated Lost River sucker population was 23,123 fish in 1984 and 11,861 fish in 1985 
(53 FR 27130).  The Lost River suckers in the Clear Lake/Lost River drainage were 
essentially discounted as a significant contribution to the species status because only a 
“small, remnant population” was present in Clear Lake.  The shortnose suckers in the 
drainage were essentially written off because of purported extensive hybridization 
(Kobetich 1986a, 53 FR 27130). 
 
To support the decision to list the suckers, the USFWS believed the only significant 
remaining populations were in Upper Klamath Lake.5  At the time the two sucker 
populations were proposed for listing, it was believed that species extinction was 
imminent.  For example, in 1986, The Klamath Tribes believed that both species would 
become extinct by 1991 without immediate action (Kimbol 1986).  At the same time, the 
Bureau of Indian Affairs (BIA) suggested the shortnose suckers would be extinct in just a 
few years (BIA 1986).  In 1987, a USFWS report stated that the consensus of opinion 
                                                 
5 “Upper Klamath Lake and its tributaries are now the primary refuge for both the Lost River and shortnose 
suckers.” (53 FR 27130) 
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was: “shortnose suckers are in danger of dying out in the next several years” (Williams 
1987).  
As soon as just three years after the sucker listing, it became evident that the USFWS’s 
original assumptions on the status of shortnose suckers and Lost River suckers in the Lost 
River/Clear Lake watershed were not valid.  Surveys performed shortly after the sucker 
listing found a substantial (reported as "common") population of shortnose suckers in 
Clear Lake exhibiting a young age distribution (1-23 years) and young Lost River suckers 
(3-23 years old).  Within California, the surveyors considered populations of both species 
as "relatively abundant, particularly shortnose, and exist in mixed age populations, 
indicating successful reproduction" (Buettner and Scoppettone 1991).  The geographic 
range in which the suckers are found in the watershed is now known to be much larger 
than believed at the time the suckers were listed as endangered in 1988. For example, 
other than the abundant population of shortnose suckers found by surveys performed in 
Clear Lake just after the listing, it was reported in 1991 that shortnose suckers were found 
“throughout the Clear Lake watershed in the upper basin”.  It was also reported that 
"there may be a substantial population" of Lost River suckers in Clear Lake (Buettner 
and Scoppettone 1991).  In 1994 the Clear Lake populations of Lost River suckers and 
shortnose suckers were estimated at 22,000 and 70,000, respectively, with both 
populations increasing in recent years exhibiting good recruitment and a diverse age 
distribution (Buettner 1999).   
 
Thanks to research conducted since 1988, it is evident that both species are found over a 
much larger geographic range in greater numbers than were believed to exist during the 
1980s. 
It is now obvious that the species' habitats were and are sufficiently good to provide more 
suitable conditions for these populations than previously believed.  Since the report by 
Buettner and Scoppettone (1991), shortnose suckers have also been found at Bonanza 
Springs, Anderson-Rose Dam, and Tule Lake; Lost River suckers have been found at the 
latter two locations.  Recent population estimates for suckers in the Lost River/Clear 
Lake watershed indicate their numbers are substantial and that hybridization is no longer 
considered a significant issue (NRC 2004).  Tens of thousands of shortnose suckers, 
exhibiting good recruitment, are now known to exist in Gerber Reservoir.  The shortnose 
populations in the lower Klamath River reservoirs (J. C. Boyle, Copco, and Iron Gate), 
previously believed to be small or essentially non-existent at the time of the listing, are 
more abundant and widespread than assumed in 1988.  
 
Although the fish die-offs in Upper Klamath Lake during 1995, 1996, and 1997 were 
obviously undesirable, the two species’ populations are still apparently much larger today 
than estimated in 1988, demonstrating the species’ resilience and ability to rebound from 
low levels.  Based on this new information, the abundance and range of the two species 
indicates that extinction is not imminent. 
 
2. Lack of recruitment 
 
The lack of significant recruitment of both species was considered by the USFWS as a 
convincing reason to list the species as “endangered” in 1988, suggesting that neither 
species of sucker had spawned successfully in Oregon for approximately 18 years (53 FR 
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27130, citing Scoppettone 1986). Conversely, it is now evident that the Upper Klamath 
Lake sucker populations have gone from assumed little or no recruitment in the 
approximate 18 years prior to listing, to recruitment in every year including substantial 
recruitment in some years (NRC 2004).  A phenomenon of strong recruitment of suckers 
would not be expected to occur each and every year.  In particular, for a very-long-lived 
species such as the suckers in a high desert-like environment, intermittent strong years of 
recruitment among weak years would likely be the norm.  Given the highly variable 
hydrologic conditions in the Upper Klamath Basin, and with the assumption that sucker 
production or recruitment may depend on those conditions, it is not surprising to expect 
to observe widely fluctuating years of good or poor production or recruitment.  Recent 
research has demonstrated that recruitment (both strong and weak) is much greater and 
more widespread than assumed in 1988.  
 
Also, refer to comments for A.1. above. 
 
3. Spawning habitat blocked by dams 
 
Chiloquin Dam was identified as the primary threat to the species in 1988 and was used 
as a partial justification in listing.  Although still in place today, there is a plan to remove 
the dam in the next year or two (probable).  Just as the USFWS must consider probable 
future threats to the species, so must the USFWS also consider threats that will probably 
no longer exist in the near future.  The rationale should not follow the path of a one-way 
street.  Therefore, that factor should no longer be considered a threat to the species. 

Fish passage at Link River Dam was unavailable to suckers at the time of listing because 
of an inadequate fish ladder.  However, the US Bureau of Reclamation recently 
completed installation of a new fishway specifically designed for suckers.  Therefore, that 
factor should not be considered a threat to the species. 

I am not aware of any other dams that threaten the suckers with extinction. 

4. Entrainment into unscreened diversions 

US Fish and Wildlife Service records leading up to the 1988 listing of the suckers 
indicated that young sucker entrainment by unscreened diversions (siphons) in the lower 
Williamson River was a major concern.  In fact, a suggested justification for listing 
suckers was that, once listed, the leverage provided by the ESA could be used to rectify 
that potential problem.  However, shortly after listing, larval sucker mortality into the 
lower Williamson River siphons was found to be minimal.  Additionally, much of the 
agricultural lands served by irrigation water from those siphons has been taken out of 
production and converted to wetlands.  Therefore, as contrasted to that believed in 1988, 
the entrainment of suckers by that potential source of mortality is no longer an extinction 
threat to the species. 

Although fish entrainment into the A-Canal was not specifically identified as a threat to 
the suckers in 1988, subsequent ESA Section 7 consultations led to installation of a 
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positive barrier fish screen and bypass that has removed that potential threat to the 
species existence. 

Installation of fish screens on agricultural diversions in the Wood River Valley is 
expected to have reduced potential entrainment of suckers in that region. 

Given the new information developed since 1988 and significant actions taken to screen 
diversions, this factor is unlikely to cause the suckers to go extinct. 

5.  Loss of springs for spawning 

In 1988, sucker spawning at springs was not considered as particularly important to the 
species.6  It’s also apparent that the USFWS does not consider the loss of some Upper 
Klamath Lake spring spawning habitats (such as Harriman Springs) as a threat to the 
species’ extinction because no effort has been spent by the USFWS since 1988 to 
implement measures7 to improve that habitat.  This measure could be easily implemented 
but has not been pursued.  However, rehabilitation of the springs and re-establishment of 
sucker spawning at the springs would likely increase sucker populations and should be 
implemented.  NRC (2004) provides insights on how such projects could be conducted.  
During the ISRP process, it was reported that sucker spawning at Bonanza Springs in the 
Lost River has not occurred in recent years; measures to restore spawning at that location 
should also be implemented as soon as possible while older fish that previously used the 
site are still present. 

6. Decreases in water quality 

It is entirely reasonable to assume that water quality conditions in Upper Klamath Lake 
could be slightly improved over existing conditions over the next several hundred years.  
However, it is very unlikely that those conditions could be sufficiently improved to 
prevent periodic fish die-offs.8  One could argue that water quality is and always will be a 
“threat” to the sucker populations in Upper Klamath Lake.  Conversely, another 
individual could argue that suckers have persisted in poor water quality conditions in 
Upper Klamath Lake for hundreds of years and will continue to do so for hundreds of 

                                                 
6 “Minor secondary spawning occurred in the larger springs that flow from along the shores of Upper 
Klamath Lake.” (53 FR 27130) 
7 Other than some limited gravel additions to some east-side springs that may or may not have been 
beneficial. 
8 For example, Gilbert (1887) stated:  “At the time of our visit the lake and river contained many dead and 
dying fish, principally Catostomoids.  Chasmistes stomias seemed to predominate, then Deltistes luxatus, 
Chasmistes brevirostris, and Catostomus snyderi, in the order given.  The breeding season for these fish is 
said to be in March and April, varying from year to year with the condition of the streams.  We saw no 
specimens entirely free from injury.  Many had lost a portion of their fins, some had round holes in their 
sides, said to be caused by lampreys; many had diseased areas covered by a fungus growth, and a large 
number were afflicted by some disease of the skin of the head, which turned yellow and flaked off, leaving 
the skull bare.  This disease often attacked and destroyed the eyes.”  “5.  Chasmistes brevirostris Cope. … 
Abundant in Upper Klamath Lake, were all seen where spent fish in a badly mutilated and dying 
condition.” 
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years into the future.  Given this circumstance, if it is presumed that periodic fish die-offs 
under future conditions is a threat to the species, the species would never be delisted.  If 
that is the position of the USFWS, the agency should be forthright and state so. 
 
However, as Dr. Alex Horne has pointed out, supplemental oxygenation of Upper 
Klamath Lake at key times and locations could be a significant, effective measure to 
reduce the magnitude of future fish die-offs (Horne 2001, Edgar 2003).  Dr. Horne has 
provided a good description of factors that can cause die-offs and relatively simple 
measures that could be implemented to ameliorate fish mortality.  Therefore, this factor is 
unlikely to cause extinction because measures can be taken to avoid or minimize the 
problem. 
 
B. Over-utilization 
7. Sport fishery harvest 
 
Very little was written about the Lost River sucker populations between 1910 and the 
1950s when sportsmen began snagging the fish in a sports fishery on Upper Klamath 
Lake and its tributaries.  There are no creel census records for sucker harvest in the 
Williamson and Sprague Rivers prior to 1966, but it is probable that annual harvest of 
suckers was very high.  The species was designated an Oregon game fish in 1959 to 
outlaw snagging; presumably this action was prompted by possible over-utilization and 
waste of fish (Golden 1969).  Snagging was made legal again in 1961 to allow sport 
harvest because snagging was the only successful method of harvest.  A bag limit of 10 
fish per angler per day was established in 1969; prior to 1969, no harvest limit was 
imposed on anglers (Golden 1969).   
 
It had been previously hypothesized that the snag fishery may not have been a 
contributing factor to the decline in the sucker populations (Andreasen 1975).  However, 
the suckers concentrated in large numbers immediately downstream of Chiloquin Dam 
(caused by blockage in fish passage) and would be highly vulnerable to harvest by a snag 
fishery.  This fact is the principal reason why fishing (for any fish species) is usually 
prohibited immediately downstream of dams; the fish are too vulnerable to over-harvest.  
During the early to mid-1980s, despite the belief that the sucker populations were in a 
state of decline, the State of Oregon still allowed the sport snag fishery.  Ultimately, 
because of increased focus on the status of the sucker populations, Oregon eliminated the 
fishery in 1987.  What is particularly interesting about this circumstance is that written 
records prior to the listing indicate that the sport harvest of thousands of suckers on their 
spawning grounds was not believed to be a significant factor contributing to the declines 
in the populations.  In 1986, the USFWS concluded, “Loss of fish to the snag fishery does 
not appear to have a causal factor in the decline.” (Kobetich 1986a) and “Fishing does 
not appear to be a significant threat for any of the suckers.” (Kobetich 1986b).   
 
However, an examination of historical records demonstrates that the harvest of suckers 
was extensive.9  More recently, the NRC Klamath Committee came to the same 
                                                 
9 “'In the past we've estimated that about 100,000 pounds - that's 50 tons - of mullet were snagged out of the 
two rivers in a three-week period,' said Art.  At an average of about seven or eight pounds and a range from 
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conclusion (NRC 2004).  For example, creel surveys in the 1960s found that snagging 
resulted in harvesting of 9,660, 10,938 and 3,296 fish for the years 1966, 1967, and 1968, 
respectively (Golden 1969).  [Note:  compare these numbers with the fish die-offs in the 
mid-1990s.]  From 1966 to 1974, the average size of suckers harvested in the snag fishery 
declined from approximately 26 inches in length and 7.5 pounds to only approximately 
21 inches in length and 4.9 pounds in 1974.  The three-year average size for 1966-1968 
was 25.5 inches and 7.3 pounds and for 1972-1974 it was 23.2 inches and 5.6 pounds 
(Andreasen 1975).  This significant decline in fish size indicates that the snag fishery, 
which selects the larger, older individuals, may have artificially decreased the size of the 
sucker brood stock.  Older, larger individuals are more fecund (i.e., more eggs) and 
would contribute more spawn in a given year; a decline in the numbers of eggs spawned 
could easily result in a measurable drop in the population.  In addition, the larger, older 
fish have survived numerous density-dependent and density-independent factors in their 
life cycle and, from a fishery management perspective, are considered the "best" fish to 
conserve for the continuance of the species. 
 
At the time of the snag fishery, it was not known that the suckers were long-lived as is 
now known.  Research in 1988 demonstrated that Lost River suckers were as old as 43 
years and shortnose suckers as old as 33 years (Scoppettone 1988).  During creel surveys 
conducted in the Sprague and Williamson Rivers during 1984 and 1985, it was found that 
among the three species of suckers harvested, Lost River suckers had the highest 
exploitation rate which was attributed to the species' larger size and higher susceptibility 
to snagging (Bienz and Ziller 1987).  Because snagging gear selects the older, larger fish, 
it is counter-productive to sustainable fishery management.  Returning older fish were 
continually exposed and highly vulnerable to the annual snag fishery and subject to 
selective removal from the spawning runs to the point where larger, older fish would 
undoubtedly become less abundant.  Of particular importance is the fact that most Lost 
River suckers do not achieve sexual maturity until eight or nine years of age (Scoppettone 
and Vinyard 1991); this protracted period until maturity indicates that the older fish 
should have been protected to ensure population reproduction. 
 
Additionally, snag fisheries are known to result in substantial incidental fish mortality 
attributable to physical injury.  No data were found to indicate if this factor was ever 
considered but it is likely that large numbers of suckers were lost from the population 
without being visibly harvested and were unaccounted in total harvest records; actual 
numbers lost could have conceivably been much larger than only the numbers of fish 
caught and removed from the rivers or springs.   
 
For the reasons previously described, it is now apparent that the historical sport snag 
fishery probably was a major factor contributing to the decline of sucker populations in 
Upper Klamath Lake.  The elimination of the snag fishery in 1987 is probably one of the 
reasons for the significant increases of suckers in Upper Klamath Lake since listing. 
 

                                                                                                                                                 
four to 14, that's a heap of suckers.” Pete Cornacchia, Eugene Register-Guard.  May 7, 1967.  News article 
entitled “Mullet - homely, but popular”.   
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Although this threat has been removed, the circumstances associated with the existence 
and subsequent elimination of the fishery provides empirical evidence of the resilience of 
the sucker populations.  For example, despite decades of annual removal of thousands of 
suckers on their spawning grounds, the species persisted and rebounded to large numbers 
by the mid-1990s.  During the principal era of the snag fishery, the sucker populations 
persisted in poor water quality conditions in Upper Klamath Lake, were subjected to 
periodic die-offs, apparently thrived within pre-ESA listing lake level management 
conditions, and withstood decades of annual removal from their spawning grounds.  It 
would be instructive for purposes of this 5-Year Review to examine the biological 
significance of how anticipated infrequent fish die-offs in the future compare to the 
annual removal of thousands of suckers on the spawning grounds. 
 
C. Disease or predation 
8. Predation and spread of disease/parasites by exotic fishes 
 
Apparently, there are no data or evidence to indicate if these factors threaten the sucker 
populations with extinction.  The presence of non-native fish species throughout the 
Basin is widespread.  The co-existence of abundant non-native fish species and abundant 
suckers in Clear Lake could suggest that this factor does not threaten the species with 
extinction.  In 1988, the USFWS believe exotic species in Clear Lake was a significant 
problem:   
 

“The population [of Lost River suckers] in Clear Lake Reservoir is small 
and suffers from large numbers of exotic species and lack of sufficient 
spawning area (Koch et al. 1975)” (53 FR 27130). 

 
Based on research since that time, it is evident the earlier assumption was invalid. 
 
The USFWS should give thoughtful consideration to assess if measures such as high 
reservoir level management and wetlands creation (under the auspices of benefits to 
larval suckers) may inadvertently create improved habitats for the non-native species 
(e.g., yellow perch and fathead minnow) to the detriment of larval suckers.  For example, 
high lake levels and wetlands may significantly improve and expand the spawning 
habitats for yellow perch and fathead minnows, resulting in strong year classes of 
undesirable species that could subsequently prey upon or compete with young suckers.  
Experiments examining such potential impacts should be pursued. 
 
D. Inadequacy of existing regulatory mechanisms 
9. Habitat unprotected 
 
There appear to be adequate state and federal regulatory mechanisms in place to prevent 
the suckers from extinction.  The removal of regulatory mechanisms provided by the 
ESA, by itself, should not be considered a threat to the species.  The procedural listing of 
suckers in 1988 was greatly expedited by the concern that species extinction was 
imminent.  The empirical evidence demonstrates that potential regulatory mechanisms 
provided by the ESA can be quickly implemented and therefore, can provide protection 
to the species.  The procedures to list a species are much easier than the procedures to 
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delist a species (Steve Thompson, USFWS, Regional Director, Congressional Testimony, 
July 17, 2004). 
 
E. Other natural or manmade factors affecting continued existence 
10. Increased incidence of hybridization with other suckers 
 
Hybridization of suckers was considered "rampant" at the time leading up to the listing of 
suckers in 1988 and was used as a partial justification for the endangered listing.  During 
presentations and discussions of the ISRP, it appears hybridization is not assumed to be 
the problem now as compared to that believed in 1988 and this potential factor does not 
threaten the species with extinction. 
 
11. Blue-green algae blooms 
 
See comments above for A.6 and below for E.12. 
 
12. Die-offs during hot or dry years 
 
The USFWS should seriously consider whether the present mode of Upper Klamath Lake 
level management according to Section 7 consultation is harming the welfare of the 
suckers.  After the snag fishery for suckers was eliminated in the 1980s, it was readily 
apparent that the sucker populations rebounded.  However, it was not until the mid-1990s 
when Upper Klamath Lake level management was imposed via ESA Section 7 
consultations that unprecedented, significant and repeated sucker die-offs occurred.  
Higher-than-usual reservoir level management, as implemented during the mid-1990s, 
may have caused more harm than good.  Scientific opinions vary widely on why this may 
or may not be the case; valid arguments on both sides persist.  But the USFWS can no 
longer state that high lake level management is “erring on the side of the species”. 
 
Refer to comments for A.6. and to last paragraph in comments for B.7. 
 
13. Pollution of Upper Klamath Lake and low inflows caused by diversions 
 
These factors have not been demonstrated to threaten the suckers with extinction. 
 
14. Exotic fishes (FH minnow and yellow perch) 
 
Refer to comment above for C.8. 
 
Concluding Comments 
 
In summary, although the Lost River and shortnose suckers had obviously declined from 
their historic population levels in the early to mid-1900s, the surmised status of these 
species is no longer as severe as assumed in the mid- to late-1980s.  The two fish species 
presently exhibit far greater numbers, over a much larger geographic range, with more 
subpopulations, and with greater recruitment than assumed during the late 1980s.  
"Remnant" populations postulated in 1988 are now known to be abundant.  "Severe" 
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hybridization among the species assumed in 1988 is probably no longer problematic.  The 
scenario portrayed in the 1988 federal register notice listing the suckers made it appear 
extinction was imminent.  Because of extensive research on the suckers since 1988, it’s 
now evident that the suckers will not go extinct in the near future.  Conservation 
measures implemented since the 1988 listing have been extensive10 and factors believed 
to threaten the species with extinction have been removed or are no longer viable. 
  
A change in the listing status of the two species is warranted.  The potential threats to the 
sucker populations have been sufficiently reduced to either downlist the species to 
threatened or remove them from the list.  Measures implemented to improve habitats for 
the suckers since the 1988 listing are enormous and unprecedented for the Basin.  
However, it appears that any argument to suggest that the suckers should be delisted is 
apparently moot because the USFWS has already decided that the species remain listed, 
otherwise the agency would not be preparing an update of the sucker recovery plan.  At a 
minimum, there is ample evidence to support downgrading the species status to 
threatened instead of endangered.  Importantly, any significant future change in the 
species’ status would allow the USFWS to either re-list the species or change the status 
from threatened to endangered; this option should be accounted for in the species’ status 
review. 
 
It is important to avoid the so-called “moving target” for species listing and delisting.  
For example, in 1986, the USFWS believed that there were only about 12,000 Lost River 
suckers in Upper Klamath Lake and that suckers elsewhere were hybridized or simply 
small, remnant populations and yet the USFWS concluded:  “We have chosen not to 
pursue listing of the Lost River and Klamath largescale suckers at this time because of 
their larger population sizes and broader distribution” [compared to the shortnose 
suckers] (Kobetich 1986a).  The Lost River suckers are now known to be much greater in 
numbers and present over a greater geographic range than previously believed in 1986 
when the USFWS did not believe the species warranted listing. 
 
When determining if the suckers warrant endangered status, it would be useful to 
examine other ESA-listed fish species to assess similarities or differences as to what 
constitutes a threatened or endangered designation.  For example, the Delta smelt was 
listed as “threatened” in 1993: 
 

“Because the smelt population is at such low levels, this species' 1-year 
lifespan is also a factor that threatens the species. The failure of a single 
reproductive season could significantly affect the ability of this species to 
survive and recover. Based on the evaluation of all available information 
on population dynamics and threats to this species, the Service has 
determined that listing as threatened is appropriate at this time.”(58 FR 
12863) 

 

                                                 
10 For example, refer to:  http://www.klamathbasincrisis.org/kwua/kwuaconserv45pgsummary0103.htm
and the extensive list of projects described during the ISRP process. 
 

http://www.klamathbasincrisis.org/kwua/kwuaconserv45pgsummary0103.htm
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Unlike the suckers which can live for decades and are frequent repeat spawners, the Delta 
smelt lives for a year and singular adverse events could decimate the species.  Yet the 
USFWS chose “threatened” status for the smelt and “endangered” for the suckers.  It 
would be useful for the USFWS to examine the specific rationale used to classify other 
fish species to ensure consistent application of the ESA during status reviews. 
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Jack E. Williams, PhD 
Senior Scientist, Trout Unlimited 
June 17, 2005 
 
Subject:  Lost River and Shortnose Suckers 5-Year Status Review 
 
 
Thank you for the opportunity to participate on the Independent Science Review Panel 
(ISRP) for the 5-year endangered species review of the Lost River and shortnose suckers.  
This letter and attached matrix provide my summary comments on the five Section 4 
ESA listing factors as well as my perspective on the continued listing of these species 
pursuant to the ESA.  Per your request, I have summarized my scientific opinion on the 
continued applicability of the threats raised at the time of listing.  As you are aware, I was 
the principal author on the proposed and final rulemakings regarding these listings while 
I worked for the US Fish and Wildlife Service during the 1980s. 
 
In review of the data presented by the various speakers during the ISRP and subsequent 
discussions, I believe it is clear that nearly all of the threats described at the time of 
listing for the Lost River and shortnose suckers in 1988 still apply.  Of the 14 threats 
identified in the final rulemaking, only over-utilization by the sport fishery has been 
rectified.  For several of the remaining threats there has been significant progress made 
during the intervening years.  In particular, I think that listing pursuant to the ESA has 
facilitated numerous recovery and protective actions that would not have occurred 
otherwise.  Despite considerable progress on some fronts, these threats remain a concern 
for both species.  In addition, I believe that two threats are new or have increased 
significantly since 1988.  These new threats include groundwater withdrawal and 
associated impacts to spring flows, and the increased likelihood of drought associated 
with future climate change. 
 
For these reasons, I believe it is clear from the weight of scientific evidence that the Lost 
River and shortnose suckers should be retained as endangered species pursuant to the 
ESA.  I also believe that this conclusion is the consensus of the ISRP group.  In addition, 
I believe that the ISRP reports and findings provide a firm scientific basis for 
development of a recovery plan for the species.  I would urge the US Fish and Wildlife 
Service to proceed in development of such a plan as quickly as feasible.   
 
During the ISRP workshops, I was pleased to see the relative wealth of knowledge that 
has been gathered concerning these species and their environment since 1988.  These 
studies demonstrate the breadth of the many problems facing these species, but also will 
prove essential to address future needs.  My appreciation to the US Fish and Wildlife 
Service, US Geological Survey, Bureau of Reclamation, Oregon State University, The 
Klamath Tribes, and others involved in performing these studies.  It is critical that these 
studies continue into the future.  I would urge the Fish and Wildlife Service to seek 
additional funds for monitoring and studies, especially as related to exotic species 
control.   
 



SECTION 8 PANEL ASSESSMENTS 201 

 

 

AUGUST 2005  INDEPENDENT SCIENCE REVIEW PANEL 

It is clear that continued water quality problems and associated fish mortality remains the 
greatest threat to these species.  During our June workshop, Dr. Jacob Kann summarized 
the dilemma by stating that the same combination of factors causing problems for water 
quality in the mid-1980s still operate today. Unfortunately, we have made very little 
progress on the long-term problems of deteriorating water quality and over-allocation of 
water supplies in the Basin.  In addition, I am disturbed by the continued high load of 
exotic fishes and the increasing risk of introduced parasites and diseases.  On the plus 
side, it is encouraging to see some level of recruitment.  Certainly, wetland and river 
restoration along the lower Williamson River and Wood River deltas are primary factors 
in this improvement.   Although we spent relatively little time in the ISRP on the Clear 
Lake Reservoir and Lost River system, it is clear that drought conditions and overuse of 
water supplies plagues this drainage, much to the detriment of the endangered suckers.  
There was no evidence presented to suggest that the Lost River system was significantly 
improved compared to the time of listing.   
 
Thank you again for the chance to participate in the ISRP and to offer my scientific 
expertise to the group.  I thought you and Terry Morton did a particularly fine job of 
providing a wealth of speakers and studies for our examination.  In addition, I was 
pleased that the initial ISRP group included scientists with a broad diversity of 
experience and background.  I will look forward to further participation on this effort.   
 



202 PANEL ASSESSMENTS SECTION 8 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 

Panel Member: ___________Jack Williams________________________________ 
 
Threat Matrix for Lost River and Shortnose Suckers 
 

Five Listing 
Factors (Threats) 

Threats Identified 
at Time of Listing 

Actions Taken 
to Address 

Threats 
Identified at 

Listing 

Current Threats Actions Needed to 
Address Current Threats 

Possible Future 
Threats and 

What Needs to 
be Done to 

Address Them 

A. Destruction, 
modification, 
or curtailment 
of habitat or 
range 

1. Significant and 
sharp population 
declines 

 

 This is still a problem. Adult 
populations remain small and 
vulnerable. 

  High potential 
for increased 
drought 
frequency in 
future.   

 2. Lack of 
recruitment 

 

 This threat has improved since time of 
listing but is still a problem.  Suspect 
high mortality of larvae downstream 
of UKL.   

Improve downstream 
survival of larvae.  
Decrease exotic 
predator load in UKL. 

 

 3. Spawning habitat 
blocked by dams 

 

 This threat has improved since time of 
listing but is still a problem.  Sprague 
River Dam at Chiloquin remains a 
significant barrier for spawning runs. 

Remove Sprague River 
Dam.   

 

 4. Entrainment into 
unscreened 
diversions 

 

 This threat has improved since time of 
listing, especially with some of larger 
diversions.  Numerous smaller 
diversions still pose a problem. 

Institute program to 
screen smaller 
irrigation diversions. 
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Five Listing 
Factors (Threats) 

Threats Identified 
at Time of Listing 

Actions Taken 
to Address 

Threats 
Identified at 

Listing 

Current Threats Actions Needed to 
Address Current Threats 

Possible Future 
Threats and 

What Needs to 
be Done to 

Address Them 

 5.  Loss of springs 
for spawning 

 

 This threat is probably worse than at 
time of listing with increased 
groundwater use. Few spring systems 
still used for spawning in UKL. 

Improve monitoring of 
groundwater 
withdrawals and spring 
discharges.  Decrease 
groundwater use in 
Bonanza area. 

 

 6. Decreases in 
water quality 

 This threat has improved slightly with 
wetland restoration in some areas, 
but is still a significant problem. 

Continue wetland 
restoration, especially 
around UKL and 
Agency Lake.  Retire 
farmland adjacent to 
important habitat areas. 

 

B. Over-
utilization 

7. Sport fishery 
harvest 

 This threat has been removed.   

C. Disease or 
predation 

8. Predation and 
spread of 
disease/parasites 
by exotic fishes 

 This threat is still a concern.  Evidence 
exists that parasites (e.g., Lernea) are 
more of a problem during last 10 
years.  Increased parasite load in 
juveniles during past decade may 
make them more vulnerable to stress 
and other problems. 

Research to examine 
relative preferences of 
exotic vs. native 
species.  Design and 
test control techniques.  
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Five Listing 
Factors (Threats) 

Threats Identified 
at Time of Listing 

Actions Taken 
to Address 

Threats 
Identified at 

Listing 

Current Threats Actions Needed to 
Address Current Threats 

Possible Future 
Threats and 

What Needs to 
be Done to 

Address Them 

D. Inadequacy of 
existing 
regulatory 
mechanisms 

9. Habitat 
unprotected 

 Listing pursuant to ESA has improved 
habitat protection, but more on 
public lands than private.  There are 
some competing concerns with listed 
coho salmon downstream.  There has 
been a very low emphasis on 
regulations for private lands. 

Continue ESA protection.  
Seek long-term water 
allocations that protect 
listed species in both 
upper and lower basins. 

 

E. Other natural or 
manmade 
factors 
affecting 
continued 
existence 

10. Increased 
incidence of 
hybridization 
with other 
suckers 

 

 Hybridization does not appear to be a 
concern for LRS, but may be 
significant for SNS.  SNS exhibit 
significant morphological changes 
since early museum records, 
indicating human-caused changes 
leading to hybridization. 

Research on hybridization 
rates and causes.   

 

 11. Blue-green algae 
blooms 

 

 This threat has improved slightly but is 
still a major problem.  The same 
combination of factors that caused 
water quality problems in mid-1980s 
still operate today. 

Restore wetland areas, 
reduce farming 
adjacent to important 
habitat areas.  Improve 
use of BMPs for water 
quality control in 
farming. 

 

 12. Die-offs during 
hot or dry years 

 

 This is still a significant problem. Die-
offs known from UKL in 1995, 96, 
97.   

Improve non-lethal adult 
monitoring.  Improve 
water quality in UKL 
and Agency Lake. 
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Five Listing 
Factors (Threats) 

Threats Identified 
at Time of Listing 

Actions Taken 
to Address 

Threats 
Identified at 

Listing 

Current Threats Actions Needed to 
Address Current Threats 

Possible Future 
Threats and 

What Needs to 
be Done to 

Address Them 

 13. Pollution of 
UKL and low 
inflows caused by 
diversions 

 

 Some improvements in UKL but this 
threat is still a major concern. 

Complete adjudication 
and enforce water 
rights.  Improve use of 
BMPs for water quality 
control in farming. 

 

 14. Exotic fishes 
(FH minnow and 
yellow perch) 

 

 This remains a very significant threat.   Ensure no additional 
exotic species are 
introduced.  Research 
control methods. 
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Appendix A 

Independent Scientific Review Panel Members 
 

NAME AFFILIATION MAILING ADDRESS 

Mark Buettner US Fish and Wildlife 
Service 

6610 Washburn Way 
Klamath Falls, OR  97603 

Michael Cooperman Oregon State University 
Dept. of Fish and Wildlife 

Corvallis, OR  97331 

John Crandall The Nature Conservancy 226 Pine Street 
Klamath Falls, OR  97601 

Larry Dunsmoor The Klamath Tribes PO Box 436, 501 Chiloquin Blvd. 
Chiloquin, OR  97624 

Charles Hanson Hanson Environmental, Inc. 132 Cottage Lane 
Walnut Creek, CA  94595 

Doug Markle Oregon State University 
Dept. of Fish and Wildlife 

Corvallis, OR  97331 

Rich Piaskowski US Bureau of Reclamation 6600 Washburn Way 
Klamath Falls, OR  97603 

Dudley Reiser R2 Resource Consultants 
 

15250 NE 95th Street 
Redmond, WA  98052 
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NAME AFFILIATION MAILING ADDRESS 

Michael Rode California Dept. of Fish and 
Game 

3 North Old Stage Road 
Mt. Shasta, CA  96067 

Rip Shively US Geological Survey 6935 Washburn Way 
Klamath Falls, OR  97603 

Roger Smith Oregon Dept. of Fish and 
Wildlife 

1850 Miller Island Road West 
Klamath Falls, OR  97603 

Dave Vogel Natural Resource Scientists, 
Inc. 

PO Box 1210 
Red Bluff, CA  96080 

Jack Williams Trout Unlimited 116 Lithia Way, Suite 7 
Ashland, OR  97520 

 
 

Support Staff 
 

Ron Larson Representative  
US Fish and Wildlife Service

6610 Washburn Way 
Klamath Falls, OR  97603 

Terry Morton Facilitator 
Cascade Quality Solutions 

700 Main Street, Suite 203 
Klamath Falls, OR  97601 

Laura West Technical Writer 
West Consulting Group 

5775 Havencrest Drive 
Klamath Falls, OR  97603 
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Appendix B 
Independent Scientific Review Panel and Support Staff 

Background Information 
 
 

Independent Scientific Review Panel 
 

Mark Buettner 
Fishery Biologist, US Fish and Wildlife Service 
 
Education:  
BS Fisheries, Humboldt State University 
MS Fisheries, Humboldt State University 
 
Experience:   
Worked for 25 years on Lahontan cutthroat trout, cui-ui, Lost River sucker, shortnose 
sucker and other desert fishes in the Upper Klamath Basin, Oregon and Great Basin, 
Nevada for the US Fish and Wildlife Service and US Bureau of Reclamation. Conducted 
or administered many studies on life history, status and habitat requirements of the 
endangered Lost River and shortnose suckers in the Klamath Basin since 1986.  As a 
biologist for Reclamation, helped prepare several biological assessments on the effects of 
the Klamath Irrigation Project on endangered suckers to comply with the ESA.  
 
Relevant Publications:  
 
Buettner, M. and G. Scoppettone.  1990. Life history and status of catostomids in Upper 

Klamath Lake, Oregon.  U.S Fish and Wildlife Service, National Fisheries 
Research Center, Reno Field Station, Nevada.  Completion report. 108 pp. 

 
Buettner, M. and G. Scoppettone.  1991.  Distribution and information on the taxonomic 

status of the shortnose sucker, Chasmistes brevirostris, and Lost River sucker, 
Deltistes luxatus, in the Klamath River Basin, California.  Completion report. 
CDFG Contract FC-8304.  US Fish and Wildlife Service, Seattle National Fishery 
Research Center, Reno Substation, Nevada. 101 pp. 
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John D. Crandall 
Klamath Basin Fisheries Ecologist, The Nature Conservancy 
 
Education:  
BA Biology, Occidental College, 1992 
MS Biology (stream ecology), Occidental College, 1994 
 
Experience:  
Have served as lead fisheries investigator for The Nature Conservancy's efforts to 
monitor the sucker response to restoration efforts around the Williamson River Delta 
since 2002. Majority of work in the Klamath Basin has focused on larval sucker ecology 
and behavior. Spent past 10 years examining fish populations and riverine ecology 
throughout the western United States.  In 2004, wrote fisheries portion of the Williamson 
River Delta Restoration Environmental Impact Statement. 
 
 

 
 
Larry Dunsmoor 
Senior Aquatics Biologist, The Klamath Tribes 
 
Education:   
BS Fisheries Resources, University of Idaho, 1984 
BS Wildlife Resources, University of Idaho, 1984 
MS Fisheries Resources, University of Idaho, 1991 
 
Experience:   
Involved in all aspects of fisheries and water management in the Upper Klamath Basin 
since 1988.  Developed fish culture techniques for the endangered suckers, researched 
predation by flatworms on incubating embryos, predation by fathead minnows on larval 
suckers, larval sucker emigration in Williamson River, and use by and availability of 
emergent vegetation to larval suckers rearing in Upper Klamath Lake.  Member of 
technical team advising The Nature Conservancy in regard to Lower Williamson River 
Delta management and restoration.  Involved in several water quality and nutrient loading 
monitoring and modeling efforts in and above Upper Klamath Lake.  Developing 
information to support restoration planning and implementation in the Sprague River 
Valley, including LiDAR/hydroacoustic-based digital terrain models, geomorphic and 
hydrologic assessment, and sediment budgets. 
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Relevant Publications: 
 
Dunsmoor, L.  1993.  Laboratory studies of fathead minnow predation on Catostomid 

larvae.  Klamath Tribes Research Report KT-93-01 
  
Klamath Tribes.  1995.  Progress Report for USBR cooperative agreement with the 

Klamath Tribes. 
  
Klamath Tribes.  1996.  A synopsis of the early life history and ecology of catostomids, 

with a focus on the Williamson River delta. 
  
Dunsmoor, L., L. Basdekas, B. Wood, and B. Peck.  2000.  Quantity, composition, and 

distribution of emergent vegetation along the lower river and Upper Klamath 
Lake shorelines of the Williamson River delta, Oregon. 

 
 

 
 
Charles H. Hanson, PhD 
CEO/Senior Fishery Biologist, Hanson Environmental, Inc. 
 
Education: 
BS Fisheries Biology, University of Washington, 1972 
MS Fisheries Biology, University of Washington, 1973 
PhD Ecology and Fisheries Biology, University of California, Davis, 1980 
 
Certification: 
Certified Fisheries Biologist 
American Fisheries Society 
 
Experience: 
Dr. Hanson has more than 30 years of experience in freshwater and marine biological 
studies.  Dr. Hanson has contributed to the study design, analysis, and interpretation of 
fisheries, stream habitat, and streamflow (hydraulic) data collected in the evaluation of 
instream flow requirements and potential fishery impacts on salmonid spawning, 
production, survival, and migration success associated with water project development 
and operations.  Dr. Hanson has conducted site-specific evaluations of the effectiveness 
of various water diversion screening systems, passage facilities, and operational 
modifications in reducing organism losses while maintaining operational reliability of the 
system.  Dr. Hanson has been extensively involved in incidental take monitoring and 
investigations of endangered species, development of recovery plans, consultations, and 
preparation of aquatic Habitat Conservation Plans.  Dr. Hanson has also participated in 
the development of adaptive management programs including real-time monitoring and 
management of power plant cooling water and other diversion operations, and the San 
Joaquin River Vernalis Adaptive Management Plan (VAMP).  Dr. Hanson has served on 
the USFWS Native Delta Fishes Recovery Team and the NMFS Central Valley Salmonid 
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Technical Review Team.  Dr. Hanson has participated in a number of water quality and 
fishery investigations within the upper regions of the Klamath River Basin, Trinity River, 
and in relicensing of the Klamath River hydroelectric facilities. 
 
 

 
 
Douglas F. Markle 
Professor, Oregon State University 
 
Education: 
BS 1969, Cornell University  
MA 1972, College of William and Mary 
PhD 1976, College of William and Mary  
 
Experience:  
Professor of Fisheries, 35 years work on fish ecology and systematics, 15 years in the 
Klamath Basin. 
 
Selected Relevant Publications: 
 
Simon, D. C. and D. F. Markle, 1997. Interannual abundance of nonnative fathead 

minnows (Pimephales promelas) in Upper Klamath Lake, Oregon. Great Basin 
Naturalist, 57(2):142-148. 

 
Hoff, G. R., D. J. Logan and D. F. Markle, 1997. Otolith morphology and increment 

validation in young Lost River and shortnose suckers (Ostariophysi: 
Catostomidae). Trans. Amer. Fish. Soc., 126(3):488-494. 

 
Simon, D.C., M. Terwilliger, P. Murtaugh, and D.F. Markle 2000. Larval and juvenile 

ecology of Upper Klamath Lake suckers: 1995-1998. FINAL REPORT to 
Klamath Project, US Bureau of Reclamation, Klamath Falls, OR, 107 p. 

 
Markle, D. F. and M. Cooperman, 2002. Relationships between Lost River and shortnose 

sucker biology and management of Upper Klamath Lake. Pp. 93-117. In W.S. 
Braunworth, Jr., T. Welch, and R. Hathaway (eds.). Water Allocation in the 
Klamath Reclamation Project, 2001: An Assessment of Natural Resource, 
Economic, Social, and Institutional Issues in the Upper Klamath Basin. Corvallis: 
Oregon State University Extension Service, 401 p. 

 
Cooperman M. S. and D. F. Markle. 2003. The Endangered Species Act and the National 

Research Council's interim judgment in Klamath Basin. Fisheries 28 (3):10-19. 
 
Terwilliger, M., D. F. Markle and J. Kann. 2003. Associations between water quality and 

daily growth of juvenile shortnose and Lost River suckers in Upper Klamath 
Lake, Oregon. Trans. Am. Fish. Soc. 132:691-708. 
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Cooperman, MS and D.F. Markle. 2003. Rapid outmigration of Lost River and shortnose 

sucker larvae from in-river spawning beds to in-lake rearing grounds. Trans. Am. 
Fish. Soc. 132:1138-1153. 

 
Cooperman, MS and D.F. Markle. 2004. Abundance, size, and feeding success of larval 

shortnose suckers and Lost River suckers from different habitats of the littoral 
zone of Upper Klamath Lake. Environmental Biol. Fishes 71:365-377. 

 
Cooke, S.J., C. M. Bunt, S. J. Hamilton, C. A. Jennings, M. P. Pearson, M. S. Cooperman 

and D. F. Markle. 2004. Threats, conservation strategies and prognosis for suckers 
(Catostomidae) in North America: insights from regional case studies of a diverse 
family of non-game fishes.  Conservation Biology, 121:317-331. 

 
Terwilliger, M., D.C. Simon and D.F. Markle 2004. Larval and juvenile ecology of 

Upper Klamath Lake suckers: 1998-2003. FINAL REPORT for contract HQ-97-
RU-01584-09 to Klamath Project, Bureau of Reclamation, Klamath Falls, OR, 
217 p. 

 
Markle, D. F., M. R. Cavalluzzi and D. C. Simon. In press. Morphology and taxonomy of 

Klamath Basin suckers (Catostomidae). Western North American Naturalist. 
 
 

 
 
Richard M. Piaskowski 
Fishery Biologist, Bureau of Reclamation, Klamath Basin Area Office  
 
Education:  
BS Fisheries Science, Oregon State University, 1995 
MS Fisheries Resources, University of Idaho, 1998 
 
Experience: 
Mr. Piaskowski has worked with anadromous and resident freshwater fishes in several 
areas of the Pacific Northwest, with focus on patterns of movement, habitat use, and 
predation relative to large water management operations.  His resume includes studies of 
adult salmon and lamprey passage at Snake and Columbia River dams, predation on and 
habitat use by juvenile salmon in Lake Washington, and adult sucker movements and 
habitat use in Lake Ewauna and Link River.   
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Dudley W. Reiser 
R2 Resource Consultants 
 
Education:  
BA Zoology, Miami University, Ohio, 1972 
MS Water Resources, University of Wyoming, 1976 
PhD Forestry, Wildlife and Range Sciences, major in fishery resources, University of 
Idaho, 1981 
 
Experience: 
Dr. Reiser is a fisheries scientist with more than 28 years experience designing, 
implementing, and managing fisheries and aquatic ecology projects, and habitat and 
instream flow assessments.  He has been working in the Upper Klamath Basin for over 14 
years where he has been involved in a variety of studies. These have included projects 
focused on defining streamflow – habitat interactions, habitat assessments, fish 
movement, and invertebrate community composition, as well as relationships of Upper 
Klamath Lake levels on fish habitats.  
 
Relevant Reports: 
 
Reiser, D. W., M. Loftus, D. Chapin, E. Jeanes, and K. Oliver.  2001.  Effects of water 

quality and Lake Level on the biology and habitat of selected fish species in Upper 
Klamath Lake.  Report prepared by R2 Resource Consultants Inc. for Bureau of 
Indian Affairs, Portland, Oregon. 

 
Loftus, M.E., and D. Reiser. 2004. Evidence of Repetitive Spawning Activity of Lost 

River and Shortnose Suckers from USBR Radio-telemetry Studies, 1993 – 1999, 
Technical Memorandum; in R2 Resource Consultants. 2004. A compendium of 
technical memoranda related to water quality and shortnose (Chasmistes 
brevirostris) and Lost River (Delistes luxatus) suckers population demographics in 
Upper Klamath Lake, Oregon. Prepared for Bureau of Indian Affairs, Portland, 
Oregon. 

 
Helser, T., M. Loftus, and D. Reiser. 2004. A Statistical Model of Upper Klamath Lake 

Adult Sucker Depth Utilization; Technical Memorandum; in R2 Resource 
Consultants. 2004. A compendium of technical memoranda related to water quality 
and shortnose (Chasmistes brevirostris) and Lost River (Delistes luxatus) suckers 
population demographics in Upper Klamath Lake, Oregon. Prepared for Bureau of 
Indian Affairs, Portland, Oregon. 
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Helser, T., M. Loftus, N. Hendrix, and D. Reiser. 2004. Risk Analysis of Unsuitable 
Dissolved Oxygen Concentrations in Upper Klamath Lake: Model Development and 
Application; Technical Memorandum; in R2 Resource Consultants. 2004. A 
compendium of technical memoranda related to water quality and shortnose 
(Chasmistes brevirostris) and Lost River (Delistes luxatus) suckers population 
demographics in Upper Klamath Lake, Oregon. Prepared for Bureau of Indian 
Affairs, Portland, Oregon 

 
 

 
 
Rip Shively 
Station Chief, USGS Klamath Falls Field Station 
 
Education: 
BS Wildlife Science, 1987, Pennsylvania State University 
MS Fisheries Biology, 1990, Colorado State University 
 
Experience: 
Have worked with Lost River and shortnose suckers since 1999. 
 
 

 
 
Roger Smith 
District Fish Biologist, Klamath Watershed, Oregon Dept of Fish and Wildlife 
 
Education: 
BS Wildlife Science, Oregon State University, 1981 
 
Experience: 
Fish Habitat Biologist, working on Steelhead trout in Fifteenmile Creek, Wasco County.  
Fishery manager in the Klamath Basin since 1990. 
 
 

 
 
Dave Vogel 
Natural Resource Scientists, Inc. 
 
Education:   
BS Biology, 1974, Bowling Green State University 
MS Natural Resources (Fisheries), 1979, University of Michigan 
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Experience: 
Employment of 30 years includes 14 years with the US Fish and Wildlife Service, 1 year 

with National Marine Fisheries Service, 15 years as a scientific consultant including 
13 years with Natural Resource Scientists, Inc.  Past experience included projects in 
California, Oregon, Washington, South Dakota, Wyoming, Nevada, New Jersey, 
Hawaii, and along the Gulf of Mexico.  Experience has mainly been associated with 
large-scale assessments in river systems, lakes and reservoirs, and estuaries and 
restoration of fishery resources.  Principal Scientific Investigator on dozens of 
fisheries research projects for federal, state, and local government agencies and 
private entities. 

 
Experience specific to the Klamath Basin:  Performed water quality and biological 
research at various locations in the Upper Klamath Basin.  Served on numerous Klamath 
Basin science committees since 1992.  Developed plans for Klamath Basin ecosystem 
restoration and recovery actions for endangered suckers.  Provided assistance on ESA 
Section 7 consultations including technical review of all Biological Assessments and 
Biological Opinions for Klamath Project operations from 1992 to 2004.  Expert witness 
for a variety of legal proceedings during the past 14 years.  Served as a peer reviewer for 
the Interim and Final reports of the National Academy of Sciences’ National Research 
Council Klamath Committee. 
 
Selected Relevant Publications/Reports: 
 
Various co-authors.  1992.  Biological assessment of the long-term operations of the 

Klamath Project.  US Bureau of Reclamation. 
 
Vogel, D.A. 1992.  Preliminary assessment of potential factors limiting populations of the 

Lost River sucker, Deltistes luxatus, and shortnose sucker, Chasmistes 
brevirostris. Prepared for the Klamath Water Users Association.  July 1992.  27 p. 

 
Vogel, D.A.  1993.  Initial Ecosystem Restoration Plan for the Upper Klamath River 

Basin with Focus on Endangered Species Recovery and Water Management 
Improvements.  January 1993.  Prepared for the Klamath Basin Water Users 
Protective Association, Klamath Falls, Oregon.  83 p. 

 
Vogel, D.A.  1997.  Preliminary investigation on fish entrainment into the A-Canal on 

Upper Klamath Lake.  Natural Resource Scientists, Inc.  Report to the US Bureau 
of Reclamation and the US Fish and Wildlife Service.  August 1997.  54 p. 

 
Gutermuth, B., E. Pinkston and D.A. Vogel.  2000.  A-Canal fish entrainment during 

1997 and 1998 with emphasis on endangered suckers.  Under grant number 8-FG-
20-15680 submitted to the US Bureau of Reclamation, Klamath Falls, OR.  New 
Earth/Cell Tech and Natural Resource Scientists, Inc. March 2000. 51 p. 
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Vogel, D.A., K.R. Marine and A. J. Horne. 2001. Protecting the beneficial uses of waters 
of Upper Klamath Lake:  A plan to accelerate recovery of the Lost River and 
shortnose suckers. Report prepared for the Klamath Water Users Association.  
March 2001. 44 p. 

 
Vogel, D. A. 2001.  Written testimony before the United States House of Representatives 

Committee on Resources, Oversight Field Hearing on Water Management and 
Endangered Species Issues in the Klamath Basin.  June 16, 2001. 

 
Vogel, D. A. 2004.  Written testimony before the United States House of Representatives 

Committee on Resources (Subcommittee on Water and Power), Oversight Field 
Hearing on The Endangered Species Act 30 Years Later:  The Klamath Project.  
July 17, 2004. 

  
Vogel, D.A. 2005.  Klamath Fishery Science:  Controversy in the Klamath River Basin. 

Published in The Water Report (Envirotech Publications), Issue #11, January 15, 
2005. 

 
 

 
 
Jack E. Williams 
Senior Scientist, Trout Unlimited 
  
Education:   
BS Wildlife Biology, 1975, Arizona State University 
MS Biology, 1977, University of Nevada, Las Vegas 
PhD Fisheries Science, 1980, Oregon State University 
  
Experience:    
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Appendix C 
Threat Matrix for Lost River and Shortnose Suckers 

 

Five Listing Factors/Threats Threats Identified at Time of Listing1 
Current 
Threats 

Potential 
Threats in 

Foreseeable 
Future 

A.  Destruction, modifica-
tion, or curtailment of 
habitat or range 

1.  Significant and sharp population 
declines 

2.  Lack of recruitment 
3.  Spawning habitat blocked by dams 
4.  Entrainment into unscreened 

diversions 
5.   Loss of springs for spawning 
6.  Decreases in water quality 

  

B.  Over-utilization 7.  Sport fishery harvest   

C.  Disease or predation 8.  Predation and spread of 
disease/parasites by exotic fishes 

  

D.  Inadequacy of existing 
regulatory mechanisms 

9.  Habitat unprotected   

E.  Other natural or man-
made factors affecting 
continued existence  

10.  Increased incidence of hybridization 
with other suckers 

11.  Blue-green algae blooms 
12.  Die-offs during hot or dry years 
13.  Pollution of UKL and low inflows 

caused by diversions 
14.  Exotic fishes (fathead minnow and 

yellow perch) 
15. Climate 
16. Human population growth and 

infrastructure development 
17. Changes in agricultural practices 

  

 
1.  Taken from FR 53 (137): 27130-27134.  At time of listing, the Service believed that endangered status 

was warranted because of sharp declines of both species, lack of recruitment, and continued threats to 
habitats. 
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RECOVERY OF FEDERALLY LISTED LOST RIVER AND 
SHORTNOSE SUCKERS 
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Summary 
 
The purpose of this White Paper is to develop background and discuss the potential 
contribution to recovery of federally listed Lost River and shortnose suckers in the Lost 
River and importance of fish passage activities including upstream and downstream 
fishways and screens. 
 
Lost River and shortnose suckers were historically widespread and abundant.  They were 
relied upon as a food source by the Klamath and Modoc Indians and were taken by local 
settlers for both human consumption and livestock feed.  In 1988, both species were 
listed as endangered under the federal Endangered Species Act.  Reasons for their decline 
included: the damming of rivers, dredging and draining of marshes and shallow lakes, 
water diversions, hybridization, competition and predation by non-native fish, 
insularization of habitat, and water quality problems associated with timber harvest, 
removal of riparian vegetation, livestock grazing, and agricultural practices. 
 
Tule Lake, the Lost River, and Clear Lake provide habitat for the federally listed Lost 
River and shortnose suckers, and have done so historically.  However, Tule Lake was 
reduced in size to about 10-20% of its historic size and the water depth was greatly 
reduced.  In addition, 8 diversion dams were constructed that block upstream passage of 
suckers from Tule Lake to historic spawning and rearing areas.  The Lost River was 
channelized and flow regimes substantially altered.  The Lost River is currently a highly 
regulated river and is managed as primarily as a water conveyance system.  Spawning 
habitat is very limited.  Tule Lake is very shallow (< 4 feet) and may soon become too 
shallow for suckers because of sedimentation.  With the exception of Clear Lake and 
Gerber Reservoir, Lost River and shortnose sucker populations in Tule Lake and the Lost 
River are small.  Lost River suckers are extremely rare in the Lost River. Extensive 
hybridization has taken place among shortnose suckers in the Lost River system. The 
value of upstream and downstream passage in the Lost River would be questionable 
based on current information and management.  Providing connectivity between the Lost 
River and Klamath River is also questionable due to the poor habitat conditions in the 
Lost River and the genetic status of the shortnose suckers in the Lost River. However, 
since Lost River and Tule Lake support small self-sustaining populations of suckers they 
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are valuable for the long-term survival of both species of suckers, especially given the 
continuation of fish kills in Upper Klamath Lake.  However, due to the lack of lacustrine 
habitat, there is not much opportunity to increase populations in the Lost River system.  
Gerber and Clear Lake provide the best habitat for suckers and should be given the 
highest priority.  Due to major population limiting factors including the lack of spawning 
and rearing habitat in the Lost River, passage at the larger dams including Anderson 
Rose, Wilson, Malone, and Clear Lake may not justified at the current time.  Screening of 
diversions in the Lost River also does not appear justified at the present time.  Based on 
sucker status surveys, shortnose sucker populations have been sustained even with the 
development and operation of the Klamath Project over the last century on the Lost 
River. Specific to the Lost River Diversion Canal, reducing entrainment from the Lost 
River is not likely a significant threat to the population. However, reducing entrainment 
from the Klamath River to the Lost River may be justified. 
 
  
Biology, Distribution and Status of Federally Listed Suckers 
 
The biology of the endangered shortnose and Lost River suckers is generally well known 
(USFWS 2001).  Lost River suckers in the Lost River system occupy primarily lacustrine 
habitat in Tule Lake and Clear Lake and spawn in lower Lost River (Tule Lake fish) and 
in Willow and Boles Creeks (Clear Lake fish).  Shortnose sucker populations are more 
widespread, occupying Clear Lake and its tributaries, Gerber Reservoir and its tributaries, 
Lost River, and Tule Lake.   
 
Clear Lake 
Because there is no fish passage over Clear Lake Dam, it is apparent that suckers were 
present in the lake prior to the completion of the dam in 1910.  The earliest studies on 
suckers in Clear Lake were done in the early 1970s (Koch and Contreras 1973, Sonnevil 
1972, Andreasen 1975).  Collections made of Lost River and shortnose suckers in Clear 
Lake between 1989 and 1993 showed a wide range of size classes, indicating fairly 
consistent recruitment (Buettner and Scoppettone 1991, Scoppettone et al. 1995, 
Reclamation 1994). Additional population monitoring conducted in 2000 and 2004 also 
indicated a diverse age class structure and relatively large population numbers (USGS, 
unpublished data).  Habitat condition in the watershed above Clear Lake is relatively 
good.  Most of the land in the watershed is managed by the US Forest Service and has 
been subject to ESA Section 7 consultation.    
 
Gerber Reservoir 
Gerber Reservoir was built by damming Miller Creek in 1925 to provide flood protection 
and irrigation deliveries to Langell Valley.  Reclamation monitored fish populations in 
Gerber Reservoir from 1992 to 1996, and USGS in 2000 and 2004 (Piaskowski and 
Buettner 2004, USGS unpublished data).  Monitoring since 1992 at Gerber has 
documented a substantial shortnose sucker population exhibiting a wide range of age 
classes.  BLM has monitored sucker spawning in tributaries to Gerber Reservoir since 
1993 and documented successful reproduction in all but the driest years when fish were 
unable to access tributaries to spawn (BLM unpublished data). 
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Miller Creek 
Miller Creek appears to support a small population of shortnose suckers and also 
provides spawning habitat for suckers that live in the Lost River (Reclamation 
unpublished data).  Some suckers are entrained each year from Gerber Reservoir 
(Reclamation salvage reports 1992, 1993, and 1997).  In 2003 and 2004, Reclamation, 
Oregon Department of Fish and Wildlife, and BLM monitored entrainment at Gerber 
Dam and Miller Creek Diversion.  A few juvenile suckers were collected at both 
locations.  Suckers from the Lost River spawn in the lower section of Miller Creek during 
good water years. 
 
Lost River – Clear Lake to Malone Dam   
Reclamation has collected Lost River and shortnose suckers each year during salvage 
operations immediately below Clear Lake Dam, 1992-2004 (Reclamation salvage 
reports).  However, in 2003 a fish screen was installed at the outlet gates eliminating 
entrainment of juvenile and adult suckers.  Few suckers are believed to occupy the 8-mile 
reach between Clear Lake Dam and Malone Dam owing to the high gradient and lack of 
deep pool habitat.  Additionally flows in this reach are highly variable, being high in 
summer during irrigation releases and low the remainder of the year when halted at the 
end of irrigation season. 
 
Malone Reservoir is not believed to support a viable sucker population, but instead 
probably contains waifs entrained into the Lost River from Clear Lake (Buettner and 
Scoppettone 1991).  In 1992, Reclamation transplanted 350 SNS and 4 LRS that were 
salvaged from Clear Lake.  Malone Reservoir has not been sampled since 1992.  On May 
4, 2005 Reclamation observed several shortnose suckers spawning near Walter Flat 
above Malone Reservoir.  Few suckers are suspected to reside in Malone because the 
reservoir is nearly drained each fall after irrigation season. Also, flows are highly variable 
due to seasonal releases from Clear Lake Dam for irrigation.  Malone has the potential to 
support a self-sustaining population of suckers if a minimum reservoir pool is 
maintained. 
 
Lost River – Malone to Bonanza 
The 6-mile reach from Malone Dam to below Miller Creek is channelized.  During the 
irrigation season flows are small consisting primarily of agricultural return flows.  Due to 
the lack of habitat in this reach few suckers are expected.  In 1992, Reclamation sampled 
a few stations with trap nets but did not catch any suckers (Reclamation unpublished 
data).  Habitat conditions improve from Keller Bridge to Bonanza particularly with the 
added flow from Miller Creek.  In 1992, Reclamation and ODFW captured about a dozen 
adults during April in deeper pools (Reclamation unpublished data).  In 1999, USGS 
collected several hundred juvenile and a few dozen adult suckers in this reach (USGS 
2000). 
 
Lost River – Bonanza to Harpold 
This reach of the Lost River has the best habitat and the largest concentration of 
shortnose suckers owing to the significant input of Big Springs near Bonanza and Buck 
Creek and lacustrine habitat provided seasonally by Harpold Dam (Koch and Contreras 
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1973, USFWS 2001, USGS 2000). In 1992, Reclamation and Oregon Department of Fish 
and Wildlife biologists observed approximately 100 shortnose suckers spawning at Big 
Springs.  USGS captured 66 adult suckers in the reach in 1999.  In 2003, a fish die-off 
occurred in this section of river with approximately 100 adult suckers. 
 
Lost River – Harpold to Olene 
Much of the Lost River below Harpold Dam in Poe Valley is channelized.  Water is 
impounded seasonally at Lost River Ranch.  Water from this dam backs up several miles 
to near Harpold Dam.  USGS collected some juvenile and adult suckers in this 
impounded reach (USGS 2000).  Flow in this reach during the irrigation season is 
generally low about 25 cfs at Harpold Dam and about 10 cfs below Lost River Ranch. 
 
Lost River – Wilson Reservoir 
Wilson Reservoir formed by water impounded behind Lost River Diversion Dam is 
several miles long extending to Stevenson’s Park. Reclamation captured several adult 
shortnose suckers in Wilson Reservoir in 1995 and 2000 (Reclamation, unpublished 
data).  In 1999, USGS captured 22 adult shortnose suckers (USGS 2000).  Juvenile 
suckers were also collected in this reach by both Reclamation and USGS. 
 
Lost River – Below Lost River Diversion Dam to Tule Lake 
Flow in the Lost River below Lost River Diversion Dam is highly variable owing to the 
use of this reach as an irrigation conveyance channel for agricultural lands in the Tule 
Lake area. Reclamation and USGS conducted fish status surveys in this reach of the Lost 
River in 1999 and captured only a few juvenile and adult suckers (Reclamation 
unpublished data, USGS 2000).  Lost River and shortnose suckers from Tule Lake spawn 
in the Lost River below Anderson Rose Dam.  Reclamation monitored annual spawning 
runs from 1991-1998 documenting spawning but successful larval production only during 
one year (Reclamation 1998). 
 
Tule Lake 
Tule Lake was sampled in 1973 (Koch and Contreras 1973) and 1989 (Buettner and 
Scoppettone 1991), but no suckers were collected.  However, in 1991 both species were 
observed spawning below Anderson Rose Dam.  Subsequent surveys in from 1992 to 
1994 (Scoppettone et al. 1995) and 1999-2000 (Reclamation unpublished data) 
documented small populations of Lost River and shortnose sucker adults. Juveniles 
appear to be rare. 
 
Sucker habitat in Tule Lake for juveniles and adults is limited because of shallow depths 
in both sumps.  The sumps have been filling with sediment.  Approximately 8,000 and 
5,000 acre-ft of storage were lost from sumps 1A and 1B, respectively between 1958 and 
1986 (Reclamation unpublished data). Reduction of water depth in Tule Lake is a threat 
to the suckers because it increases the risk of winter freeze, reduces the amount of deep 
water habitat for adult suckers, increases bird predation of suckers and may contribute to 
poor water quality by allowing the water to heat more rapidly and allowing sediments and 
nutrient to be more readily mixed by wind shear. 
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Past Policy Regarding Sucker Recovery 
 
The Service had generally focused recovery efforts on historical habitat in Upper 
Klamath Lake and its tributaries as core sucker habitat (FWS 1993).  In addition, Clear 
Lake and Gerber Reservoirs and associated watersheds have received considerable 
attention (FWS 2001) because they support relatively large sucker populations with 
diverse age classes and have good habitat conditions.   
 
While the Draft Critical Habitat designation (FWS 1994) for suckers included Clear Lake 
and its tributaries, Gerber Reservoir and its tributaries, Tule Lake and Lost River below 
Anderson Rose Dam it did not include most of the Lost River.  Criteria used to identify 
CH included: current and historic range, suitable spawning and migration habitats, areas 
likely to provide water quality, areas to maintain range-wide distribution, areas to reduce 
fragmentation of populations and adequacy of existing protection. In that analysis it was 
determined that the Lost River did not meet the criteria.  
 
 
Potential Contribution of Lost River to Recovery and Justification of 
Upstream and Downstream Passage and Screens 
 
Aquatic habitats throughout the upper Klamath Basin are highly modified, but the Lost 
River has perhaps the most severely effected.  The Lost River was once the primary 
spawning habitat for suckers in Tule Lake.  However, today the Lost River supports few 
suckers, and furthermore, can perhaps be best characterized as an irrigation water 
conveyance, rather than a river.  For nearly its entire 75-mile length, from Clear Lake 
Reservoir to Tule Lake Sump, the Lost River is highly modified to meet agricultural 
demands.  Flows are highly regulated, it has been channelized in several reaches, its 
riparian habitats and adjacent wetlands are highly modified, and it receives significant 
discharges from agricultural drains.  This has likely affected wetlands and wet meadows 
and may have resulted in lowered water tables, further increasing the need for irrigation. 
 
Historically, most adult Lost River and shortnose suckers resided in Tule Lake and 
migrated up the Lost River to spawn near Olene or Big Springs.  Spawning habitat in the 
Lost River at Olene was inundated by the construction of Wilson Dam in 1912.  
Spawning habitat at Big Springs has been modified by development of a city park and 
made inaccessible by seasonal dams installed during the irrigation season.  Sucker 
spawning has also been documented in Miller Creek, a tributary to the Lost River.  The 
lower 3 miles of Miller Creek have been channelized and flow restricted during the 
irrigation season. 
 
Numerous dams are located on the Lost River including Clear Lake, Malone, Big 
Springs, Harpold, Lost River Ranch, Wilson, and Anderson-Rose.  None have fish 
passage facilities although some are removed after the irrigation season. A number of 
small pumping plants are also withdrawing water from the Lost River.  Reclamation 
documented 132 diversions in 1998 in the Lost River very few of which have screens or 
other modifications to reduce or minimize fish entrainment except for the largest fish 
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(USBR 2000). There are also many drains that receive irrigation return flows that 
discharge into the river.  Unscreened Upper Klamath Lake water is diverted into the Lost 
River at several locations, and Lost River water can be diverted to the Klamath River via 
the Lost River Diversion Canal.  Consequently flows are highly modified both in timing, 
quantity, and quality (Orlob and Woods 1964).  The Lost River was historically 
connected to the Klamath River during high flows via the Lost River Slough.  The Lost 
River Diversion Canal was constructed at the location of that slough. 
 
Owing to irregular irrigation withdrawals from the Lost River, water levels in the river 
may rapidly fluctuate leading to bank instability and slumping and fish habitat quality is 
much reduced.  Flows in the upper reaches of the Lost River, from the Clear Lake Dam to 
the confluence of Rock Creek, are cut off from October to April during the non-irrigation 
season, with the only flows coming from accretion primarily by small springs and Rock 
Creek.  During this time, fish are confined to any remaining pools and are thus likely 
subjected to high predation, a lack of food, and poor water quality (Koch and Contreras 
1973).  DO levels measured in September 1999 after flows were cutoff at Clear Lake 
Dam were <4 mg/l in pools (USBR unpublished data).  Downstream reaches such as 
below Malone Dam have much reduced flows in summer as water is diverted from the 
river into West Canal, and Miller Creek flows are diverted to North Canal.   
 
The highly modified nature of the Lost River is expressed in its aquatic fauna, which 
include many non-native, warm-water species (Koch and Contreras 1973).  In 1999, 
USGS documented 21 fish species including 13 non-natives.  Fathead minnows were the 
predominant species captured in most areas (BRD 2000).  Koch and Contreras (1973) and 
BRD (2000) identified several distinct river segments, based on fish distribution and 
abundance and habitat condition: 1) upper Lost River above Malone Dam with relatively 
high fish diversity, good water quality and high habitat diversity; 2) upper Lost River, 
upstream of Bonanza, which has lower fish numbers because of channelization and 
shallow depths owing to water diversions; 3) Big Springs to Harpold Dam which contains 
the best fish habitat owing to significant input of spring water and suitable habitat; 4) 
Harpold to Olene with substantial channelization and lack of habitat diversity, 5) Wilson 
Reservoir above Lost River Diversion Dam which has a relatively high diversity of fish; 
and 6) lower Lost River, characterized by low fish diversity. 
 
Tule Lake is only 10-20% of its historic size, is very shallow owing to wind and water-
borne sedimentation, has relatively constant water levels, and degraded summer-time 
water quality.  Suckers are restricted to small areas of deep water in the summer. 
 
SNS in the Lost River system are atypical and resemble KLS, and have adapted to 
conditions in streams and small reservoirs there.  Andreasen (1975) did find evidence of 
SNS X KLS introgression in the Lost River system because those suckers were 
positioned in the discriminant analysis between SNS and KLS from Upper Klamath 
Lake.  Koch et al. (1975) however, suggested the SNS population from the Lost River 
watershed was different as a result of isolation rather than hybridization.  Buettner and 
Scoppettone (1991) found that SNS from the Clear Lake and Upper Klamath drainages 
differed in a number of characters including: gill raker and lateral line scale numbers, 
head shape, lip morphology, and others.  They suggested these differences could be the 
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result of: (1) morphological divergence; (2) genetic drift; or (3) introgression.  Buettner 
and Scoppettone (1991) postulated that genetic drift may have resulted from isolation or 
the morphological differences are due to a phenotypic response to different environments, 
since habitat/hydrological conditions are different in the Lost River and 
Williamson/Sprague watersheds.  This latter explanation is similar to the ecophenotypic 
concept of Markle et al. 2000.  Genetic studies by Tranah (2001) point to introgression as 
being especially evident in Lost River SNS and KLS populations; however, this does not 
rule out other processes working in the Lost River system to affect sucker morphology as 
discussed above.   
 
Sucker spawning habitat in the Lost River is very limited.  Sucker spawning has been 
documented below Anderson-Rose Dam, in Big Springs, and at the terminal end of the 
West Canal as it spills into the Lost River, and lower Miller Creek.  Suspected spawning 
areas that have suitable habitat include the spillway area below Malone Reservoir, just 
upstream of Keller Bridge, just below Big Springs, just below Harpold Dam and adjacent 
to Station 48. 
 
Water quality conditions are frequently stressful in the Lost River during the summer.  In 
2003, an adult sucker die-off occurred in Harpold Reservoir due to low dissolved oxygen 
and water temperatures.  A juvenile sucker die-off was documented in Wilson Reservoir 
in 1998 owing to low dissolved oxygen under ice-cover (Reclamation unpublished data).  
 
Upstream and downstream fish passage would be justified in the reach from Bonanza to 
Lost River Ranch because sucker populations are largest there and habitat including 
water quality is relatively good with substantial accretions from Big Springs and Buck 
Creek.  Also, construction costs associated with these low-head dams is relatively low. 
Passage may allow fish better access to water quality refuge areas near Bonanza during 
the summer. 
 
Passage at the larger diversion dams Wilson and Anderson Rose are not justified at the 
present time because of the low population size, poor summer water quality and lack of 
available spawning habitat that would be available upstream.  Passage at Malone Dam is 
not justified because of the apparent lack of adult fish that might use it. 
 
Installation of fish screens on diversions in the Lost River may not be justified at the 
present time because other factors are limiting population size including adult rearing 
habitat and water quality.   
 
With respect to the Lost River Diversion Canal, keeping fish from the Lost River from 
being entrained into the Klamath River is not a priority because the number of suckers 
entrained is likely low particularly for juveniles and adults. Again, lack of rearing habitat 
is probably the primary limiting factor in the Lost River. Allowing suckers from the Lost 
River to move to the Klamath River allows for connectivity of sucker populations.  
Minimization of sucker entrainment from the Klamath River to the Lost River may be 
justified because rearing habitat in the lower Lost River and Tule Lake are limited.  Also, 
numbers of suckers available to be entrained are large due to entrainment of suckers from 
Link River Dam.  Installation of the A-Canal fish screen in 2002 has likely resulted in a 



226 APPENDICES SECTION 8 

 

INDEPENDENT SCIENCE REVIEW PANEL  AUGUST 2005 

significant increase in entrainment at Link River Dam.  Also, the Lake Ewauna area has 
the best habitat and supports the highest densities of suckers in the Keno Impoundment.  
Currently, poor summer-time water quality conditions are likely the major limiting factor 
for survival in the Klamath River.  Even if the Lost River Diversion Canal is screened, 
entrainment of larval suckers will continue to occur. Some entrainment will also occur 
during the transition periods when the screens are not in place.  For example, during the 
fall and winter when water flows from the Lost River to the Klamath River the screen 
will be removed and suckers from the Klamath River could move into the canal.  Then 
when flows are reversed and screens operated, fish holding in the canal could be 
entrained into the Lost River.  This number of entrained fish would likely be sufficient to 
seed Tule Lake under the existing conditions.  
  
During the fall and winter, trash racks should be operated to prevent adult suckers and 
trout from moving into the Lost River Diversion Canal.  Again the rationale is that there 
is limited habitat to support them in the Lost River and there are no passage facilities to 
allow volitional movement. 
 
Although screening of the Lost River Diversion canal may not be biologically justified at 
the present time because it is not the primary limiting factor for fish in the Keno 
Reservoir, Reclamation has an obligation to minimize take as a result of operation of the 
Klamath Project.  Screening this diversion reduces the need for screens at Miller Hill 
Pumping Plant, Station 48, and J-Canal.  Reclamation also has a requirement to screen its 
diversions under State of Oregon statutes. Screening may also reduce the risk of third-
party lawsuits and set the stage for additional habitat and water quality restoration actions 
in the Klamath River.  Reclamation has secured funding for its fish passage program for 
the next several years.  If it is not obligated now, it might not be available in the near 
future.  This project would also benefit future fish recovery programs including 
reintroduction of anadromous fish in the Upper Klamath Basin. Screening the Lost River 
Diversion Canal might also help prioritize restoration of habitat and water quality in Lake 
Ewauna. 
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Appendix E 
LIST OF ACRONYMS AND ABBREVIATIONS 

 
 

AFA Aphanizomenon flos-aquae 
ASU Arizona State University 
BIA US Bureau of Indian Affairs 
BLM Bureau of Land Management 
BMP best management practices 
C Celsius 
CDFG California Department of Fish and Game 
cfs cubic feet per second 
cm centimeter 
CPUE catch per unit effort 
DEQ Oregon Department of Environmental Quality 
DNA deoxyribonucleic acid 
DO dissolved oxygen 
ESA Endangered Species Act 
ESU evolutionarily significant unit 
ft feet 
FWNF Fremont-Winema National Forests 
FWS-ERO US Fish and Wildlife Service—Ecosystem Restoration Office 
ISRP Independent Scientific Review Panel 
IUCN International Union for the Conservation of Nature 
KLS Klamath largescale sucker 
L liter 
LRS Lost River sucker 
mg milligram 
mm millimeter 
msl mean sea level 
mtDNA mitochondrial DNA 
NRC National Research Council (of the National Academies of Science) 
NRCS Natural Resources Conservation Service 
ODA Oregon Department of Agriculture 
ODFW Oregon Department of Fish and Wildlife 
OSU Oregon State University 
PVA population variability analysis 
RNA ribonucleic acid 
SNS shortnose sucker 
TMDL total maximum daily load 
TNC The Nature Conservancy 
UKL Upper Klamath Lake 
USBR US Bureau of Reclamation 
USDA US Department of Agriculture 
USFWS US Department of Fish and Wildlife 
USGS US Geological Survey 
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