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Reproduction and recruitment dynamics of flathead chub Platygobio gracilis relative to flow regimes in 
Fountain Creek, Colorado 
 
Matt R. Haworth, Colorado State University, Matt.Haworth@colostate.edu 
Kevin R. Bestgen , Colorado State University         
     
Flathead chub Platygobio gracilis is a North American cyprinid with a historic distribution spanning the Great Plains 
region from Canada south to the Gulf of Mexico.  Populations have declined regionally and flathead chub is now 
considered abundant in only a portion of its historic range.  In Colorado, flathead chub is presently listed as a Species 
of Special Concern.  A stronghold exists in Fountain Creek, an Arkansas River tributary that may be altered by a 
municipal water project.  To better understand potential effects of flow manipulation, we are investigating the 
reproduction and recruitment dynamics of flathead chub in Fountain Creek.  In spring and summer 2012-2013, daily 
drift net and live egg samples documented an extended reproductive season for flathead chub, spanning May-August 
in both years.  Daily increment counts from otoliths of larger age-0 flathead chubs were then used to construct 
distributions of hatching dates and identify timing and patterns of recruitment related to extreme flow events caused 
by summer thunderstorms.   Understanding how flow regimes influence reproduction and recruitment will contribute 
to the understanding of flathead chub ecology, provide insight into how flow manipulations may affect fishes in 
Fountain Creek, and inform recommendations for their conservation. 
 
The Goodeid Working Group: an international captive breeding and maintenance network to conserve 
Goodeid fishes  
 
John Lyons, University of Wisconsin Zoological Museum, jdlyons@wisc.edu 
Omar Dominguez-Dominguez, Universidad Michoacana de San Nicolas Hidalgo  
Michael Koeck, Haus des Merres Aqua Terra Zoo        
      
The freshwater fish family Goodeidae, found in the southwestern United States and central Mexico, has about 45 
species, nearly all of which are threatened with extinction. To ensure their survival, we have helped establish a 
network of captive populations throughout Mexico, the United States, and Europe involving universities, public 
aquariums and zoos, and private hobbyists. This network is organized and inter-connected via an association of 
scientists and aquarists, the Goodeid Working Group (GWG: http://www.goodeidworkinggroup.com/). Currently, two 
universities in Mexico, 11 aquariums and zoos in Europe, and over 150 hobbyists in North America and Europe are 
part of the GWG network, and we are working to expand participation, especially in the United States. The keystone 
of the network is the Laboratorio Biología Acuática (Aqualab) at the Universidad Michoacana de San Nicolas Hidalgo 
in Morelia, Mexico, where nearly all Mexican Goodeid species are bred and maintained and there is an active 
research program in Goodeid biology and conservation. Strengths of the GWG network, which can serve as a model 
for other captive maintenance program for rare fishes, are the dispersed distribution of captive populations and the 
productive interaction between professionals and hobbyists. 
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Frequent tributary usage by the endangered and large-river fishes of the Upper Colorado River basin 
 
Gary Thiede, Utah State University, gary.thiede@usu.edu 
Phaedra Budy, Utah State University 
Peter MacKinnon, Biomark Incorporated 
Dave Speas, U.S. Bureau of Reclamation, Upper Colorado Regional OfficeMatt Breen, Utah Division of Wildlife 
Resources 
Kevin McAbee, US Fish and Wildlife Service, Upper Colorado River Endangered Fish Recovery Program,  
  
The importance of mainstem rivers and major tributaries to endangered Colorado River fishes is well documented, 
but the use and significance of small tributary streams remains poorly understood.  Historically, these fishes likely 
used smaller tributaries for spawning, rearing, feeding, and refuge.  Currently, non-native species and altered flows 
may have impacted tributary use by fishes.  For years, we have been detecting PIT-tagged fish via active sampling 
and at passive interrogation arrays (PIA) in three tributaries to the Green River, in which we have 1 – 2 PIA systems 
upstream from their confluence with the Green River.  Using primarily passive detections:  we detected 15 Colorado 
pikeminnow Ptychocheilus lucius, 20 razorback sucker Xyrauchen texanus, and 16 bonytail Gila elegans in the San 
Rafael River; 33 pikeminnow, 52 razorback, and 1 bonytail in the Price River; and 61 pikeminnow, 16 razorback, and 
392 bonytail in the White River.  In addition, across rivers, we detected over 5,400 PIT-tagged sucker and chub, 
known as the “three species”.  Several fishes were detected on multiple occasions, across years, often moving into 
and out of the tributaries from distances up to 360 km.  Our findings demonstrate use and the importance of small 
tributaries and their fragile habitats to endangered fishes. 
 
All as one or one for all? Assessing the likely effectiveness of multi-species management  
 
Brian Laub, Utah State University, laubbriang@gmail.com 
Phaedra Budy, Utah State University         
      
A critical decision in conservation is whether to develop species-specific management plans or group species under 
multi-species plans.  Multi-species plans are likely to be most effective when species face similar threats and share 
similar habitat preferences and life-history characteristics.  We aim to inform the single-species versus multi-species 
decision for three species of native desert fish that share a broad geographic range, and which are currently 
managed as an ecological complex.  We compiled data on habitat preference, trophic position, and life-history 
characteristics for the three species.  The variability of each trait for each species was standardized to the same 
scale by converting the data distribution to a probability distribution.  The overlap of probability distributions was used 
to measure trait similarity between species pairs (i.e., niche overlap).  Habitat preference overlap varied by river 
system from strong (>70%) to relatively weak (<50%).  Overlap in trophic position was consistently weak (<50%) and 
sensitive to the presence of non-native fish.  Overlap in life-history characteristics was generally strong (>50%) but 
varied by characteristic and life stage, with younger fish having higher overlap than adult fish.  Lack of consistently 
strong niche overlap suggests that it may be difficult to identify management actions that simultaneously benefit all 
species. 
 
An adaptive framework for managing least chub in aridland wetlands  
 
Jessica Sáenz, Department of Fisheries and Wildlife, Oregon State University, jessica.saenz@oregonstate.edu 
James T.Peterson, US Geological Survey, Oregon Cooperative Fish and Wildlife Research Unit, Oregon State 
University            
     
Managers of arid wetland systems are frequently tasked with balancing multiple, competing uses. Information on arid 
wetlands biota and dynamics are often limited, forcing managers to make decisions under substantial uncertainty and 
risk. Structured decision making is an explicit, transparent process that allows managers to formalize what they 
know, identify key uncertainties, and improve future decision making while managing. Thus, structured decision 
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making could provide managers with a valuable tool in aridland wetland management. To illustrate, we present a 
case study on the development of a decision model for conserving at risk least chub (Lotichthys phlegethontis) 
populations in western Utah wetlands. The decision model is a spatially explicit patch dynamics model that tracks the 
reproduction and persistence of least chub in response to variation in water levels, vegetative structure, and ungulate 
grazing. Model simulations suggested that moderate levels of cattle grazing or other vegetation management would 
benefit least chub populations. However, sensitivity analysis indicated that model predictions were strongly 
influenced by groundwater levels.  We intend this as an adaptive framework, within which model components will be 
iteratively improved with better understanding of mechanisms linking ground water, vegetative, and ungulate grazing 
dynamics to wetland characteristics and ultimately least chub populations. 
 
Methods for transporting and holding Bluehead Sucker, Flannelmouth Sucker, and Roundtail Chub during 
restoration and repatriation efforts in Wyoming  
 
Robert Compton, Wyoming Game and Fish Department, Bobby.Compton@wyo.gov 
              
Within the Green River drainage of Wyoming, Bluehead Sucker, Flannelmouth Sucker, and Roundtail Chub (termed 
“three species”) populations have declined and restoration activities are ongoing.  Chemical treatments are 
necessary to eradicate invasive fishes from priority waters and avenues for restocking streams with genetically pure 
native fishes must be secured.  As no brood stocks exist for the three species in Wyoming, developing methods for 
safe salvage, transport, and holding are required during chemical treatments and are the goals of this project.  From 
2010 to 2013, fish were collected and held at the University of Wyoming Red Buttes Environmental Biology 
Laboratory.  The objectives were to assess our ability to: 1) transport wild fish from native to holding water; 2) 
evaluate fish health and reduce stressors during transport; 3) prevent and treat disease outbreaks during holding; 4) 
acclimate wild fish to specialty and pellet feeds; and 5) successfully hold fish under a variety of conditions (e.g., 
density, cover, and temperature).  Survival was high, disease issues were identified and mitigated, and diet and 
holding preferences were established.   Recommendations and protocols for holding the three species in captivity will 
be highlighted. 
 
Preliminary results of a flathead chub (Platygobio gracilis) movement study in the Arkansas River basin, 
Colorado.  
 
Ryan Fitzpatrick, Larval Fish Laboratory, Colorado State University and Colorado Parks and Wildlife, 
ryan.fitzpatrick@state.co.us  
Kevin Bestgen, Larval Fish Laboratory, Colorado State University      
        
Understanding the spatial requirements for stream fish to complete their life cycle is critical to effective conservation 
efforts.  Relatively little is known about the movements of plains fishes, even though multiple species in this guild are 
listed as threatened or endangered by the State of Colorado.  We present preliminary results of an ongoing flathead 
chub movement study in a portion of the Arkansas River and adjoining tributary Fountain Creek, Colorado.  A total of 
13,648 12–mm half duplex PIT tags were implanted in flathead chub at six sites from 2011 to 2012.    Tagged fish 
were detected throughout the study area with 12-m and 2-m mobile arrays and a handheld wand.  Fish movement 
based on tag recaptures was in both upstream and downstream directions from initial tagging sites.  The maximum 
distances traveled were approximately 25-km upstream and 45-km downstream.  Through 2012, 313 fish were 
detected using the handheld device and 1,679 fish have been detected using the mobile arrays.  Analysis of these 
data and 2013 data is ongoing.  Small PIT tags and mobile reading arrays appear to be a viable means to assess 
movement by plains fishes such as flathead chub. 
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Matrix population model of June Sucker in Utah Lake with stochastic environmental variation  
 
Mark Belk, Brigham Young University, mark_belk@byu.edu  
R. Cary Tuckfield, Ecostatys, Aiken, SC         
        
June sucker (Chasmistes liorus) is a lake sucker endemic to Utah Lake, Utah, USA.  It was listed as an endangered 
species because of low population size as a result of apparent lack of recruitment for several years.  We created a 
stage-based transition matrix model to assess effects of stochastic and cyclic environmental variation on population 
growth trajectories.  Population growth rate (lambda) was sensitive to survival probabilities of the youngest age 
classes.  We modeled the change in larval and juvenile survival probabilities that would produce positive population 
growth in the face of cyclic and stochastic environmental variation.  Both survival probabilities would have to increase 
by greater than an order of magnitude by themselves to attain a self-sustaining population.  However, if both survival 
probabilities change simultaneously, a much smaller increase is required.  Climate change modeled as increased 
variance in drought cycles or survival rates, or modeled as declining lake level, all exacerbate the decline in 
population size.  Critical information for determining sustainability of the population is detection of small size classes 
in the lake and quantification of survival probabilities for the smallest size classes. 
 
Implementation of the Safe Harbor Agreement for topminnow and pupfish in Arizona  
 
Ross Timmons, Arizona Game & Fish Department, rtimmons@azgfd.gov  
Doug Duncan, USFWS           
      
The Arizona Game and Fish Department has been implementing a Safe Harbor Agreement (SHA) to conserve four 
endangered native fishes, the Gila topminnow Poeciliopsis o. occidentalis, Yaqui topminnow P. o. sonoriensis, desert 
pupfish Cyprinodon macularius, and Rio Sonoyta pupfish C. eremus.  The SHA allows non-federal land owners to 
conserve these species. After completion of the SHA, we used larger, high-quality habitats, due to their potential for 
greater productivity, and reducing monitoring and manpower obligations. Currently, 15 ponds have been enrolled, 
with several other sites in various stages of enrollment.  Backyard pond owners continue to show strong interest in 
enrolling in the SHA program. These owners are interested in native species for several reasons, foremost being 
their desire to assist with the conservation of native species, and the use of native species as vector control agents. 
Smaller sites are not a practical option, but avenues to utilize these sites are being explored. The use of topminnow 
and pupfish for mosquito control by public health agencies is also being explored.  The SHA has assisted recovery 
by: creating duplicate populations of topminnow and pupfish lineages; establishing and fostering partnerships 
between nontraditional entities for conservation; reducing the use of mosquitofish; and educating interested publics 
on the plight of native fishes and their conservation. 
 
Conservation of native fishes of the Rio Sonoyta, Sonora Mexico 
  
Doug Duncan, US Fish & Wildlife Service Paloma Valdivia Lopez, Centro Intercultural de Estudios de Desiertos y 
Océanos, doug_duncan@fws.gov 
Ross Timmons, Arizona Game & Fish Department        
      
The Rio Sonoyta is an important and rare aquatic ecosystem in Sonora.  Its waters are disappearing because of 
drought and groundwater withdrawal and its native species are threatened by introduced species.   The only water is 
an intermittent segment one kilometer south of Quitobaquito. 
 
Gila River Basin Native Fishes Conservation Program 
  
Doug Duncan, US Fish & Wildlife Service, doug_duncan@fws.gov 
Rob Clarkson, US Bureau of Reclamation         
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The Central Arizona Project Gila River Basin Native Fishes Conservation Program (CAP Program) conserves native 
fishes and manages against nonnative fishes.  The program resulted from several Endangered Species Act 
consultations between the Bureau of Reclamation and the U.S. Fish and Wildlife Service on CAP water transfers to 
the Gila River basin.  Populations of some Gila River native fish species are extremely rare and appear on the verge 
of extirpation.  The CAP Program funds conservation actions for five priority fishes, and other native fishes.  A high 
priority of the CAP Program is to replicate federally listed species into suitable, protected streams and repatriate 
populations of listed and other native fishes into them.  Also funded are the control and eradication of non-native 
fishes. 
 
Looking beyond the mainstem for the conservation and restoration of endangered Colorado River fishes  
 
William Macfarlane, Utah State University, wally.macfarlane@gmail.com 
Phaedra Budy, Utah State University 
Gary Thiede, Department of Watershed Sciences, and The Ecology Center, Utah State University  
   
Conservation and restoration efforts for the four endangered big river Colorado River fishes, razorback sucker 
(Xyrauchen texanus), colorado pikeminnow (Ptychocheilus Lucius), humpback chub (Gila cypha) and bonytail chub 
(Gila elegans) have primarily focused on mainstem rivers; however, recent research suggests that several tributaries 
of the Green River provide important spawning and rearing habitat for these endangered fishes. The aim of this 
research was to investigate and determine whether additional tributaries may also provide critical habitat for these big 
river fishes. We used an analytical approach first developed in the Mississippi River Basin (Pracheil et al. 2013) to 
analyze distribution patterns of these big-river specialists in the Green River system in the upper Colorado River 
basin. The approach included macroecological analysis of assemblage structure (native species richness and 
diversity), hydrologic thresholds (PAQ, MAQ), and spatial analysis of dam locations relative to the mainstem. Our 
analysis identified threshold discharge criteria associated with the frequency and extent of tributary use and 
confirmed that some tributaries of the Green River likely provide critical habitat for conserving these fishes. Our 
findings and those of others suggest the conservation and/or restoration of these tributaries is warranted and 
provides an additional tool for prioritizing restoration efforts. 
 
The Clock is Ticking for Desert Fishes of the SW USA; An Occupancy-based Assessment of Regional 
Vulnerability  
 
Mary Conner, Utah State University, phaedra.budy@usu.edu 
Phaedra Budy, Utah State University  
Nira Salant, Utah State University  
Wally MacFarlane, Utah State University         
  
We built a series of occupancy models to determine relationships between trends in occupancy (ψ), local extinction 
(ε), and local colonization (γ) rates, with potential limiting factors and the suitability of managing the ‘three species’ 
collectively.   Historically, (1889−2011), top models included a positive linear time trend in local extinction probability 
(ε) and a negative trend in local coloniz
indicating lower flood levels post-development, extinction probability (ε) decreased.  Occupancy rates decreased for 
all ‘three species’, and only 47% and 16% of sites remained occupied by the two sucker species and the chub, 
respectively.  For the contemporary period (2001−2011), top models included ‘peak discharge’ and percent change in 
human population size from 2000 to 2010.  As ‘peak discharge’ increased local extinction probability (ε) decreased 
and local colonization probability (γ) increased.  For both periods, models that combined the two suckers versus the 
chub performed best.  Collectively, these results confirm that declines in these fishes were strongly associated with 
water development, and relative to their historic distribution, all ‘three species’ are at risk of local extinction.  Further, 
the chub had a distinct response, is at the greatest risk, and may need to be managed separately. 
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Monitoring strategies for Pacific Lamprey: Lessons learned from three years of spawning and larval surveys 
in the Willamette River Basin  
 
Luke Schultz, Dept. of Fisheries and Wildlife, OR Cooperative Fishery Research Unit, OR State University, 
luke.schultz@oregonstate.edu  
Mariah Mayfield, Dept. of Fisheries and Wildlife, OR Cooperative Fishery Research Unit, OR State University  
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Carl Schreck, U.S. Geologic Survey, Oregon Cooperative Fish and Wildlife Research Unit, Dept. of Fisheries and 
Wildlife, OR State University      
 
Addressing the ongoing, range-wide decline of Pacific Lamprey Entosphenus tridentatus (Lamprey) in western North 
America will require research and monitoring efforts directed at multiple life history stages. We conducted spawning 
surveys and larval sampling throughout the Willamette River Basin, Oregon, from 2011-2013 to inform conservation 
and monitoring efforts across its the freshwater range of Lamprey. Spawning data indicated that Lamprey was widely 
distributed across the basin and spawning habitat was similar to salmonids. We used spatial re-sampling to assess 
optimum survey lengths for detecting Lamprey, and found that ≥1.2 km surveys were needed to detect redds. To 
estimate adult abundance, optimum survey lengths ranged from 1.3 to 13.7 km. Larval Lamprey were associated with 
deep, fine sediments suitable for burrowing and reaches with high channel complexity, although migration barriers 
were the major limiting factor for larval Lamprey distribution. We used size structure data to characterize larval 
mortality patterns across tributary sub-basins and used bootstrapping techniques to provide optimum sample sizes to 
describe larval length frequencies in future monitoring. These data suggest conservation actions to address declining 
Lamprey populations and provide methods that can be used to monitor Lamprey across its range. Ongoing habitat 
restoration for salmonids should also benefit Lamprey. 
 
Diversity Patterns and Associations of Brazilian Lotic Fish Species  
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Biological diversity, frequently measured by species richness, is a common social goal and management objective 
that is measured at a local or site scale and extrapolated to landscape, basin, or riverscape scales.  However, 
increasingly the insufficiencies of such extrapolations are being recognized.  In this study, we sampled 24 to 80 
randomly or stratified-randomly selected stream or reservoir sites in 7 river basins through use of multiple gears, 
depending on site characteristics.  After identifying each individual collected to species, we calculated alpha (mean 
site), gamma (basin), and beta (gamma-alpha, or turnover) species richness. We also collected landscape and site 
environmental data for all sites. Gamma (and alpha) species richness in the basins ranged from 20 (4) in a highland 
savanna ecoregion to 111(22) in an eastern lowland Amazon basin.  Beta species richness was 2 to 8 times, but 
typically 4 times, alpha richness.  Estimated gamma richness and sampling effort curves indicated that more than 40 
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sites and site sampling distances greater than 40 times mean wetted stream widths were needed to reach sampling 
effort asymptotes. Natural landscape, land use/cover, site, and combined models explained 20%, 11%, 32%, and 
47% of the variability in savanna fish species richness, respectively. 


