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Preface 

This white paper was developed by the Humpback Chub Reintroduction ad hoc Team (Team) at 
the request of the Biology Committee of the Upper Colorado River Endangered Fish Recovery 
Program (UCRRP). The paper arrives at conclusions and recommendations that are based on the 
best available scientific information and the deliberations of species and genetics experts that 
served as Team members. The Team used a screening process for determining the most suitable 
reintroduction area, and a scoring and ranking process for the most appropriate source population 
of humpback chub and the most viable production and stocking strategy. In arriving at these 
recommendations for a source, the Team considered the demographic and genetic risks to the 
species. A major consideration was preserving the genetic integrity of the species by avoiding 
mixing fish of different populations and genetics management units. Recommendations for a 
production strategy considered the best information available on logistics, fish handling and 
culture, and likelihood of success. Comparative costs of production alternatives were considered, 
but actual costs were not computed because the Team was focused on providing 
recommendations using the best available science. This white paper was written in the spirit of 
providing a recommended strategy for reintroducing the endangered humpback chub into the 
Upper Colorado River Basin that provides the best conservation benefit to the species. The Team 
believes the recommendations provided in this white paper will improve the species status and 
assist with recovery of this federally listed species. The process and considerations used to arrive 
at a Team consensus could be helpful to others seeking to take similar action with other native or 
imperiled species in the Colorado River Basin, or elsewhere. 

Melissa Trammell, Chair 
Humpback Chub Reintroduction ad hoc Team 
July 14, 2021 
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Disclaimer 

The content of this white paper represents the views and opinions of the members of the 
Humpback Chub Reintroduction ad hoc Team and not necessarily those of any agency or 
affiliation. The recommendations contained in this document are intended for use by the U.S. 
Fish and Wildlife Service (USFWS) and the Humpback Chub Recovery Team for the purpose of 
determining the location(s) and method(s) for introducing humpback chub into areas of the 
Upper Colorado River Basin as part of species conservation. Any decision(s) to proceed with one 
or more of the recommendations contained in this white paper are at the discretion of the 
UCRRP’s Biology, Management, and Implementation committees, the USFWS, National Park 
Service, Bureau of Land Management, Native American Tribes, associated state wildlife 
agencies, and local landowners.  
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Executive Summary 

Five of the six populations of the endangered humpback chub (Gila cypha) described in the 
species’ 2002 Recovery Goals are stable or increasing in numbers. The remaining population, in 
Dinosaur National Monument (DNM), was recently functionally extirpated following a series of 
dry water years, resultant low stream flow, and subsequent invasion of smallmouth bass. These 
threats are now being addressed by the Upper Colorado River Endangered Fish Recovery 
Program (UCRRP) through flow management and nonnative fish control that will provide 
suitable resource conditions for humpback chub in DNM. The UCRRP is considering 
translocation or stocking to restore the humpback chub to DNM to further conservation of the 
species. This consideration is an important conservation action described in the proposed rule by 
the U.S. Fish and Wildlife Service (USFWS) to reclassify the species from endangered to 
threatened (85 FR 3586, January 22, 2020). 

The Humpback Chub Reintroduction ad hoc Team (Team) was formed at the request of the 
Biology Committee of the UCRRP in July 2017, for the purpose of exploring the feasibility and 
strategies for introducing humpback chub into portions of the Upper Colorado River Basin 
(upper basin) to establish one or more new populations or to augment existing ones. The Team 
deliberated over a series of webinars and concluded that establishing a population is feasible, 
based on the following synthesis of findings: 

• Reintroduction Area. The most suitable area for reintroduction is DNM because (1) it 
recently supported a population of humpback chub, (2) the physical habitat is unaltered, 
(3) flow management by the UCRRP is in place to support minimum summer base flows, 
and (4) nonnative fish management is in place to suppress the threats of predation and 
competition. Bringing fish into DNM is necessary to restore the population, as the 
probability of natural demographic rescue from immigrating fish of other populations is 
low. 

• Source of Fish. The most appropriate source of humpback chub is the population in the 
Desolation/Gray Canyons (Deso/Gray) reach of the Green River. This population (1) is 
located in the same river basin as DNM and is the nearest population to DNM, (2) is the 
most closely genetically related to the extirpated population, and (3) appears large 
enough to support this effort based on most recent population estimates. Furthermore, 
introducing humpback chub from Deso/Gray into DNM (4) provides redundancy to the 
Deso/Gray population and (5) would not harm the genetic integrity of the Deso/Gray 
genetic management unit via downstream emigration of fish because the translocated fish 
would possess similar alleles. 

• Production and Stocking Strategy. The most viable production and stocking strategy is 
to remove wild fish from the Deso/Gray population to develop a future broodstock for 
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either paired spawning and/or voluntary spawning in hatchery ponds. This strategy would 
maximize the number of fish used for reintroduction without further negatively affecting 
the demographics of the Deso/Gray source population by minimizing the numbers of wild 
fish removed. 

• Numbers of Fish Needed from Deso/Gray. A total of 500 humpback chub (~250 
females and ~250 males) would need to be collected from the Deso/Gray population to 
establish a hatchery broodstock. According to an individual-based model, a maximum of 
100 adults per year can be removed for five consecutive years, or fewer fish over a longer 
time period, without causing negative demographic impact to the population. Priority 
should be given to removing available juveniles and subadults to minimize the number of 
adults removed annually. 

• Numbers of Fish Needed to Stock DNM. Consecutive years of stocking juveniles, 
subadults, and/or adults is recommended, in accordance with the modeled numbers of 
fish identified in document tables. A multi-year stocking program should be established 
that releases the recommended numbers of fish for consecutive years to minimize the risk 
of poor environmental conditions or high mortality in a given year. Stocking rates should 
target a sustainable population of 600 adults and should be estimated using low survival 
estimates (S = 0.61) to conservatively gauge and refine the stocking strategy, and 
possibly adjust the numbers of fish stocked if monitoring shows that the system can 
support a different number of humpback chub. A mixture of available sizes of fish may 
be used to determine which size yields the best survival, reproduction, and recruitment. 

• Additional Plans . A “Humpback Chub Procurement and Hatchery Production Plan” and 
a “Humpback Chub Reintroduction and Monitoring Plan” should be developed if the 
recommendations contained in this document are adopted. 

The Team offers the following recommendations (not necessarily in order) for reintroducing 
humpback chub into the Upper Colorado River Basin: 

1. Develop a Humpback Chub Procurement and Hatchery Production Plan that details how 
fish will be taken from the wild to a hatchery and spawned to produce fish for 
reintroduction. 

2. Develop a Humpback Chub Reintroduction and Monitoring Plan that details how and 
where hatchery-produced fish will be released to the wild and how they will be monitored 
for success. 

3. Remove 500 fish from the Deso/Gray population to establish a hatchery broodstock in 
accordance with modeled recommendations of this report and the procurement and 
hatchery production plan; use juveniles and subadults when available to reduce the 
numbers of adults removed. 
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4. Ensure that hatchery facilities and personnel are available to accommodate the 
recommended stocking strategy of broodstock development for paired matings and 
voluntary spawning in hatchery ponds, including hatchery trucks for transporting fish. 

5. Release fish into the Yampa and/or the Green rivers of DNM in accordance with modeled 
recommendations of this report and the reintroduction and monitoring plan. 

6. Establish and implement a monitoring program for the stocked fish that, if possible, 
integrates with existing monitoring programs, and is in accordance with the 
reintroduction and monitoring plan. 

7. Ensure compliance and permitting with all applicable laws and regulations. 

8. Ensure adherence to all fish health protocols and inspections.   
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1.0 Introduction 

1.1 Overview 

The humpback chub (Gila cypha) is an endangered fish species that is endemic to the Colorado 
River System of the southwestern United States (39 FR 1175, January 4, 1974). It is currently 
found as five extant populations, including four in the upper basin and one in the lower basin in 
Grand Canyon (Figure 1). All extant humpback chub populations appear stable or increasing 
since about 2007, based on mark-recapture estimates (Grand Canyon, Black Rocks, and 
Westwater Canyon), expanded mark-recapture estimates (Desolation/Gray Canyons 
[Deso/Gray]), or less precise catch-per-unit-effort (CPUE) indices (Cataract Canyon) (U.S. Fish 
and Wildlife Service [USFWS] 2018). A sixth population in Dinosaur National Monument 
(DNM) was recently functionally extirpated, with the last specimens captured in the Yampa 
River in 2004 (Finney 2006) and in Whirlpool Canyon of the Green River in 2006 (Bestgen et al. 
2007). 

Despite five stable or increasing populations, the loss of one of the upper basin populations 
reduces redundancy and raises the need to restore the DNM population. A Species Status 
Assessment (SSA) for the humpback chub (USFWS 2018) concluded that restoring the DNM 
population will require specific management actions, such as translocation or stocking of fish 
into Yampa and Whirlpool canyons, because natural demographic rescue from immigrating fish 
of other populations is unlikely. This conclusion was followed by a statement by the USFWS 
that the Upper Colorado River Endangered Fish Recovery Program (UCRRP) was considering 
translocation or stocking to restore humpback chub to DNM, as part of a proposed rule to 
reclassify the species from endangered to threatened (85 FR 3586, January 22, 2020). 

1.2 Purpose and Objectives 

The Humpback Chub Reintroduction ad hoc Team (Team) was formed at the request of the 
Biology Committee of the UCRRP in July 2017, for the purpose of exploring the feasibility and 
strategies for reintroducing humpback chub into the upper basin to establish one or more new 
populations or to augment existing ones. 

The Team consisted of biologists, geneticists, and hatchery personnel familiar with the species. 
The Team was tasked with developing this white paper with the following objectives: 

1. Evaluate and determine the most suitable area(s) in the upper basin, including the Yampa 
and Green rivers within DNM, for reintroduction of the humpback chub, and 

2. Evaluate and identify the best methods and strategies for procuring and releasing 
humpback chub into the upper basin. 
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Figure 1. Locations of the five extant populations of humpback chub in the Colorado River System (black ovals) and 
the functionally extirpated population in Dinosaur National Monument (open oval; see Figure 3 for a detailed map of 
DNM). Also shown as blue stars and letters are locations of the five hatchery facilities described in section 6.1.  
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1.3 General Approach 

The following steps were taken by the Team in deliberating and arriving at strategies for 
reintroducing humpback chub into the upper basin (Figure 2): 

1. Prospective reintroduction areas were identified and screened for their potential to 
support a new population of humpback chub, and for their value and contribution to 
species recovery, 

2. Possible sources of wild fish were identified, scored, and ranked according to 
demographic and genetic effects on the source and target populations, and 

3. Production and stocking strategies were identified, scored, and ranked according to 
demographic, genetic, and logistical considerations. 

The Team met on a regular basis and in Step 1 determined the best reintroduction area by 
screening a number of river reaches with prior reports of humpback chub or where habitat 
appeared suitable. In Step 2, the most appropriate source of fish was decided through Team 
consensus by evaluating each of the five humpback chub populations for available numbers of 
fish and appropriate genetics. For Step 3, the Team reached consensus on the most viable 
production and stocking strategy by considering demographics, genetics, logistics, and the 
likelihood of success. 

The information from these three steps was synthesized and recommendations were made for the 
most feasible and genetically sound method for 
reintroducing humpback chub, based on the reintroduction 
area selected, the appropriate source of fish, and the most 
viable production and stocking strategies. 

Because of the 2020 Covid-19 Pandemic, the Team 
collaborated remotely on an ongoing basis via webinars and 
conference calls during the year 2020. Draft documents, or 
portions of documents were circulated to Team members via 
e-mail and comments were provided electronically as 
scheduled and subsequently discussed on the webinars and 
calls. 

The final draft of this white paper was reviewed by the 
Biology Committee and by individual UCRRP stakeholders 
to insure scientific independence and integrity in 
document preparation and production. Figure 2. Steps taken by the ad hoc Team to 

select the reintroduction area, fish source 
and genetics, and production and stocking 
strategy for the humpback chub. 
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2.0 Reintroduction Area 

2.1 Screening of Reintroduction Areas 

The Team initially met in 2017 to consider prospective sites for reintroduction. Eight areas were 
identified and screened, based on the following criteria (see Appendix A): 

• Habitat suitability: confined canyon with rocky river channel and deep pools and eddies, 

• Reliable/adequate stream flow: persistent year-around flow, 

• Nonnative fish: low to moderate numbers of predaceous fishes, 

• System carrying capacity: sufficient space and food to support fish biomass, 

• Historical occurrence: recorded prior captures of humpback chub, and 

• Role in recovery: importance of added area to population redundancy. 

The Team determined that DNM was the most suitable area for reintroduction of humpback 
chub. The area recently supported a population, physical habitat is unaltered, flow regimes are 
being supported through environmental flows, and nonnative fish management is ongoing in the 
Yampa and Green rivers. Reestablishing the population requires intervention (e.g., translocations 
or hatchery stocking), as the area is well upstream of other populations and the probability of 
natural demographic rescue by immigrating fish is low. The need to restore the DNM population 
was identified in the Humpback Chub SSA (USFWS 2018), and was considered in the Federal 
Register proposed rule to reclassify the species (85 FR 3586, January 22, 2020): 

“By 1998, humpback chub were absent or rare in habitats where the species was likely common 
in the 1940s (Tyus 1998, p. 192), and the decline in the Dinosaur National Monument population 
likely was the result of the construction of the Flaming Gorge Dam. Humpback chub in the 
Green River portion of the Dinosaur National Monument population were negatively affected by 
the cold releases from the Flaming Gorge Dam starting in 1963, and the Yampa River portion 
was negatively affected by low river flows, especially in the early 2000s. Operational changes 
since 2006 at Flaming Gorge Dam have improved the water temperature and flow conditions in 
the Green River, and releases from Elkhead Reservoir since 2006 support improved flow 
conditions in the Yampa River. Furthermore, the rocky canyon habitats that the humpback chub 
rely on in Dinosaur National Monument are still present. Although management actions have 
improved resource conditions in Dinosaur National Monument, immigration from other 
humpback chub populations is too low for the species to recolonize naturally, and the population 
is considered extirpated. Because habitats could potentially support a population, the Upper 
Basin Recovery Program is considering translocation or stocking to restore humpback chub to 
Dinosaur National Monument. Dinosaur National Monument may now have suitable resource 
conditions to support a re-establishment effort.” 
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2.2 Dinosaur National Monument 

The area for reintroduction within DNM encompasses about 67 miles of two rivers, including the 
lower 42 miles of the Yampa River from Anderson Hole (RM 42) downstream to the confluence 
of the Green River (RM 0), and the Green River from the confluence of the Yampa River (RM 
345) at Echo Park downstream to Split Mountain Campground (RM 319) (Figure 3). This area is 
located in the states of Colorado (Yampa River and Green River) and Utah (Green River), 
entirely within DNM, and is administered by the National Park Service. The 42 miles of the 
Yampa River is canyon-confined with intermittent parks and pools, runs, riffles, and small to 
medium-size rapids (Photo 1). The 25 miles of the Green River extends through Echo Park, 
Whirlpool Canyon, Island Park, Rainbow Park, and Split Mountain Canyon. The parks are open 
pool, run, riffle habitats, and the canyons are narrow, confined deep pool and eddy habitats 
(Photo 2). Below is a description of the two river segments. 

 
Figure 3. Map of Dinosaur National Monument (shaded area), Utah and Colorado. 
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Photo 1. View of lower Yampa River (left) and typical humpback chub habitat (right). 

  
Photo 2. Overview of Green River through Whirlpool Canyon (left) and entrance to Split Mountain Canyon (right). 
 

Lower Yampa River. The Yampa River was the first location in the upper basin from 
which humpback chub were reported following the original description of the species from 
specimens in Grand Canyon (Miller 1946). The species was collected from the Yampa River at 
Castle Park (~RM 11.5, near Mantle Ranch) in June and July 1948 (Tyus 1998), in Yampa 
Canyon in 1969 (Holden and Stalnaker 1975), and in small numbers through the 1980s (Tyus 
and Karp 1989; Karp and Tyus 1990), 1990s (Haines and Modde 2002), and early 2000s (Finney 
2006). The last confirmed humpback chub in DNM was captured in the lower Yampa River in 
2004 (Finney 2006) and in Whirlpool Canyon of the Green River in 2006 (Bestgen et al. 2007). 

Attempts to estimate the numbers of humpback chub in the Yampa River were hampered by the 
apparent small numbers of fish in the population, and the difficulty in distinguishing presumed 
humpback chub from sympatric roundtail chub. In 1989, T. Nesler (Colorado Division of 
Wildlife; see USFWS 2002) derived an estimate of 600 adult humpback chub in the lower 
Yampa River from data reported by Karp and Tyus (1990). A subsequent estimate of 391 adults 
(>150 mm TL) was derived by Haines and Modde (2002) for 1998–2000, based on maximum 
likelihood statistical methods. Shortly afterward, Finney (2006) was unable to estimate numbers 
for 2003-2004 because of the few fish captured. Numbers of sub-adults were never estimated 
because of the difficulty of distinguishing young humpback chub from young roundtail chub. 
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The cause(s) for the decline and functional extirpation of the humpback chub in the Yampa River 
is unclear. The last few specimens were observed at a time when river discharge was exceedingly 
low, with a concurrent proliferation of smallmouth bass (Haines and Modde 2007). In August of 
2002, the lowest daily flow in 100 years occurred for the Yampa River at 1.8 cfs near Maybell; a 
flow of 2 cfs had previously been recorded in 1934. It is believed that the low flow of 2002 was 
the stressor that eliminated an already declining population of humpback chub in the Yampa 
River. Possible reasons for decline are the compounded effects of low flow and nonnative 
predaceous and competing fishes, including channel catfish and smallmouth bass, although other 
native fish species have persisted, including the roundtail chub (Smith 2019). 

Early attempts to remove channel catfish from the lower Yampa River reduced numbers for a 
short time, but were largely ineffective long-term (Fuller and Modde 2002). More recent and 
persistent removal efforts have kept predators at lower levels. From 2009 to 2019, the native fish 
community (i.e., roundtail chub, flannelmouth sucker, bluehead sucker) ranged about 70−90% of 
total fish numbers, whereas nonnative species (i.e., channel catfish and smallmouth bass) have 
ranged about 7−20% (Smith 2019). These removal efforts continue under the UCRRP, and 
should effectively reduce predation and competition on reintroduced humpback chub. 

In an attempt to take humpback chub from the lower Yampa River into captivity and to preserve 
genetic material from this population, approximately 400 juvenile chubs (Gila spp.) were 
removed from the river near Mantle Ranch in October 2007 (UCRRP 2009). About 200 fish 
were taken to the J.W. Mumma Aquatic Species Restoration Facility in Alamosa, Colorado, and 
200 to the Ouray National Fish Hatchery near Vernal, Utah. The fish were grown to identifiable 
size and although some fish appeared to have humpback chub morphology, no fish with distinct 
humpback chub genetic makeup were found. All fish had the same genetic makeup as roundtail 
chub from the same area (Bohn 2016; Bohn and Wilson 2017; Bohn et al. 2018, 2019). This 
collection and sampling conducted from 2012 to 2019 (Jones 2017; Jones and Smith 2018; Smith 
2019) confirmed that this population of humpback chub was functionally extirpated. 

Habitat of the lower Yampa River is physically unaltered and appears to continue to be suitable 
for humpback chub. Flow usually ranges from about 200 cfs in summer to about 14,000 cfs in 
spring. In some years, summer flow is less than about 50 cfs, although the UCRRP leases water 
from Elkhead Reservoir (5,000 af permanent pool and 2,000 af option to lease) and attempts to 
maintain at least 93 cfs for the summer base flow (USFWS 2005). Prior to the enlargement of 
Elkhead Reservoir and availability of this water, flow of the lower Yampa River in 2002 reached 
a low of about 1.8 cfs at Maybell and about 4 cfs at Deerlodge, which probably contributed to the 
decline of the population.  Flows less than 50 cfs could occur, as seen in 2019 when local 
pumping by irrigators dewatered the river at Lily Park, but the UCRRP is working to mitigate 
these conditions and flows as low as in 2002 are unlikely to occur again. Water temperature in 
the lower Yampa River is natural and ranges from 0°C in winter to about 25°C in summer. 
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Green River. Small numbers of humpback chub have been caught historically in the 
Green River within DNM. Collections from the Green River in August 1950 included 20 
humpback chub from Hideout Canyon, an area now under Flaming Gorge Reservoir (Smith 
1960; Sigler and Sigler 1996). Pre-impoundment surveys of the Green River in 1958–1959 by 
the Utah and Wyoming state wildlife agencies reported all three species of Gila, but considered 
bonytail (G. elegans) a subspecies of roundtail chub (G. robusta), and reported “bonytail” as 
“common” downstream of Green River, Wyoming (Bosley 1960; McDonald and Dotson 1960). 
In a separate survey, Gaufin et al. (1960) reported 15 humpback chub from Hideout Canyon, 
prior to impoundment in 1962. These surveys indicate that the humpback chub was present in the 
Green River through DNM, but exact locations and abundances of fish were not determined. 

In September 1962, a large rotenone operation was conducted in the Green River to eliminate 
“rough fish” in advance of establishing a recreational trout fishery in the new Flaming Gorge 
Reservoir (Holden and Stalnaker 1975; Holden 1991). A checklist of fish killed by this operation 
from Hideout Canyon to Brown’s Park reported that “...no humpback chub were collected...” 
(Binns 1967), although photographs of dead specimens appear to include all three Gila species. 
The effect of the rotenone treatment extended into DNM, but the numbers of native fish killed 
was not reported and the effect to the native fish populations was not assessed. 

Post-impoundment investigations reported three humpback chub from the Green River 
downstream of Flaming Gorge Dam; one each in Echo Park, Island Park, and Swallow Canyon 
(Vanicek et al. 1970). Additional surveys in the 1970s downstream of the dam, including Lodore 
Canyon, also did not yield humpback chub, despite warmer dam releases from a temperature 
control device installed on the dam in 1976 (Holden and Crist 1981; Bestgen and Crist 2000). 
Other native fishes, including Colorado pikeminnow, flannelmouth sucker, and bluehead sucker, 
have recently expanded upstream into Lodore Canyon, but not humpback chub (Bestgen et al. 
2006). Humpback chub have not been captured recently between Echo Park and Split Mountain 
(Smith et al. 2019), or from Whirlpool or Lodore canyons (Bestgen et al. 2019), indicating that 
the species is also functionally extirpated from this region of the Green River. 

Flow of the Green River in DNM is controlled by Flaming Gorge Dam. Flows at Jensen, Utah, 
usually range from about 1,000 to 20,000 cfs. Temperature of the Green River at the Gates of 
Lodore (upstream of the Yampa River confluence) ranges from 0°C in winter to about 18°C in 
summer. River temperature is warmed by the Yampa River in summer, and water temperature 
and habitat for humpback chub continue to appear suitable in the Green River through DNM. 
The Green River from the mouth of the Yampa River downstream to the lower end of Split 
Mountain Canyon appears to have suitable habitat and flow for reintroduction of humpback 
chub. The area is also sampled regularly by the UCRRP to reduce the numbers of nonnative 
predatory and competitive fishes (Bestgen et al. 2007). The area upstream of the Yampa River, in 
Lodore Canyon, is not currently considered for reintroduction of humpback chub. 



3.0 Sources of Humpback Chub  Final Report 
Reintroduction ad hoc Team  July 14, 2021 
 

9 
 

3.0 Sources of Humpback Chub 

Following selection of the reintroduction area, the Team focused on genetic and demographic 
attributes of possible sources of fish. The source(s) of humpback chub used for reintroduction is 
important from the perspective of genetic diversity of the source fish, the size and number of fish 
available in the source population, and the effect of reintroduction on the genetics of the target 
population, as well as other populations in the upper basin. Given the morphometric and genetic 
complexity of the species, the following sections are provided as context for source selection. 

3.1 Morphometric and Meristic Characteristics 

The humpback chub is part of a morphologically diverse group or complex of western cyprinids 
that includes several congeneric species. This Gila complex consists of five species that inhabit 
the Colorado River Basin, including the (1) humpback chub (G. cypha), (2) roundtail chub (G. 
robusta), (3) bonytail (G. elegans), (4) Virgin chub (G. seminuda), and (5) White River chub (G. 
jordani)1. The humpback chub, bonytail, and roundtail chub are mainstem sympatric species 
with substantial evidence of introgressive hybridization (Dowling and DeMarais 1993). The 
Virgin chub and White River chub are isolates and primarily tributary inhabitants, although 
historical hybridization with other forms of Gila is evident. The Gila chub (G. intermedia) and 
the headwater chub (G. nigra) were proposed and treated as separate species until recent genetic 
and morphological studies (Carter et al. 2016; Copus et al. 2016) led a joint committee of the 
American Fisheries Society and American Society of Ichthyologists and Herpetologists to 
determine that for these species “no morphological or genetic data define populations of Gila in 
the lower Colorado River basin…as members of more than one species.” The committee 
concluded that “the data available support recognition of only one species of Gila, the roundtail 
chub, Gila robusta” (Page et al. 2016). 

Intraspecific and interspecific morphological variation of Colorado River Gila (i.e., G. robusta, 
G. cypha, and G. elegans) is extensive and well documented (e.g., Holden 1968; Starnes 1990; 
Douglas et al. 2001). Given the morphological plasticity of these Gila species and the apparent 
introgressive hybridization, in-field morphological identification has been problematic where 
two or more of these species coexist. Several studies have resolved morphological and meristic 
characters to differentiate among the three species (e.g., Holden 1968; Smith et al. 1979). 
Douglas et al. (1989) used principal components analysis (PCA) to successfully discriminate 
between G. robusta and G. cypha of the Yampa River by using seven qualitative morphological 
characters (mouth, jaw length, nuchal [predorsal] hump, skull depression, caudal peduncle, and 
nuchal and breast scale development). Kaeding et al. (1990) also applied PCA to morphological 
measurements (e.g. nuchal depression and caudal peduncle depth) and meristic characters 

                                                             
1 The American Fisheries Society (2013) recognizes the species Gila jordani as the White River chub, that has been 
historically recognized as the Pahranagat roundtail chub (Gila robusta jordani). 
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(number of dorsal and anal fin rays) to discriminate between spawning G. cypha and G. robusta 
in Black Rocks, Colorado. Canonical variates analysis of morphometric landmarks effectively 
discriminated between upper basin G. cypha and G. robusta and found population differences 
within each species (McElroy and Douglas 1995). Douglas et al. (1998) used discriminant 
function analysis to successfully segregate all three species with morphometric and meristic 
characters of museum specimens, and later showed that geometric morphometrics successfully 
distinguished between G. cypha and G. robusta, as well as populations within G. cypha (Douglas 
et al. 2001). Studies using morphometrics and meristics demonstrate that lengthy and detailed 
examination of specimens can discriminate the three Gila species, but these are impractical in the 
field and the only definitive method of separation is genetic analysis of nuclear markers. 

3.2 Genetics of Gila cypha 

Earliest genetic analysis of Gila species examined 23 presumptive loci through allozyme 
electrophoresis and determined that, although allelic differentiation was incomplete, G. cypha in 
the upper basin may have experienced substantial allelic loss in recent years, with evidence of 
considerable hybridization with G. robusta (Rosenfeld and Wilkinson 1989). They also found 
that alleles from muscle tissue showed G. cypha from the LCR were separable from upper basin 
G. cypha (i.e., Black Rocks, Westwater Canyon, Desolation Canyon2), but that G. cypha from 
Desolation Canyon and Westwater Canyon were virtually indistinguishable from each other.  

A comprehensive taxonomic review by Starnes (1990) determined that fish of the genus Gila 
from the Colorado River Basin exhibit a considerable range of phenotypic variation with regard 
to body shape and other morphological characters, including the three sympatric forms, G. 
robusta, G. cypha, and G. elegans. Starnes (1995) also conducted concurrent genetic analyses 
and concluded that geography far transcends morphology as a correlate of genetic variation, with 
the overriding pattern of variation at most loci examined increasing in complexity northward 
culminating in a high degree of polymorphism in the upper basin. Starnes (1995) also found that 
allozymes of G. cypha from the Grand Canyon were separable from all upper basin samples, 
based on allele frequencies and composition, except these were similar to attributes of Westwater 
Canyon fish. They also observed that the presence of G. robusta sympatric with G. cypha 
resulted in mild deviations from Hardy-Weinberg expectations. 

Dowling and DeMarais (1993) investigated hybridization among G. robusta, G. cypha, and G. 
elegans by analyzing allozymes and mtDNA restriction digest patterns, and concluded that upper 
basin G. robusta had G. cypha mtDNA haplotypes and intermediate allozyme frequencies. They 
also found that upper LCR (Chevelon Creek) and upper basin G. robusta had similar haplotypes 
to G. cypha (lower LCR) while G. seminuda had similar haplotypes to G. elegans. They 

                                                             
2 Desolation Canyon is used in the genetic analysis as the region of the Green River synonymous with 
Desolation/Gray Canyons (Deso/Gray). 
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concluded that allozyme frequencies were more consistent with sampling location and 
morphological identification than mtDNA haplotypes and that haplotype similarity of G. robusta 
and G. cypha was caused by recent introgressive hybridization. 

Gerber et al. (2001) identified species-specific haplotypes from lower basin allopatric 
populations by comparing mtDNA (cytochrome b [cyt b] and NADH dehydrogenase subunit two 
[ND2]) restriction endonuclease and single-stranded conformational polymorphisms (SSCP). 
They found that lower basin G. cypha and G. robusta had discrete haplotypes, although some G. 
cypha had G. elegans haplotypes, and that isolated upper basin G. cypha and G. robusta 
contained G. elegans haplotypes. They concluded that all of the remaining upper basin G. 
robusta contained G. cypha haplotypes, indicating widespread introgression where G. robusta 
haplotypes had been replaced with G. cypha haplotypes, and that this pattern of introgression 
began before human alteration of the area. These findings confirmed the earlier findings of 
Dowling and DeMarais (1993). Gerber et al. (2001) also found that Pahranagat roundtail chub 
(Gila robusta jordani) was a separate taxon derived from hybridization events between G. 
robusta and G. cypha. More recently, G. jordani has been recognized as a separate species, the 
White River chub (American Fisheries Society 2013). 

Widespread hybridization of G. cypha and G. robusta has been identified as a potential threat to 
maintaining the genetic integrity of G. cypha (Rosenfeld and Wilkinson 1989; Starnes 1995; 
Chafin et al 2019). However, Dowling and DeMarais (1993) characterized hybridization as part 
of the evolutionary history of the Gila complex. Douglas and Douglas (2007) analyzed genetic 
diversity and hybridization of G. cypha and G. robusta in the upper basin using microsatellite 
markers and mtDNA sequence data. They found that G. robusta and G. cypha shared mtDNA 
haplotypes while both were easily separated from G. elegans, and concluded that G. cypha and 
G. robusta underwent population reductions and a wide-scale hybridization event at the end of 
the Pleistocene, causing a mixture of G. robusta and G. cypha mtDNA haplotypes. Like Gerber 
et al. (2001), Douglas and Douglas (2007) found G. elegans haplotypes in G. cypha populations 
(Marble, Grand, and Desolation canyons) and in a single G. robusta population (Desolation 
Canyon). Based on these analyses, Douglas and Douglas (2007) defined six management units 
among the three species as: 

1. G. elegans, 

2. Grand Canyon G. cypha, 

3. Desolation Canyon (including G. cypha and G. robusta), 

4. Upper basin G. cypha outside of Desolation Canyon, 

5. Yampa River G. robusta, and  

6. Upper basin G. robusta outside of Desolation Canyon and Yampa River. 
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In the most recent genetic analysis of G. cypha, Bohn et al. (2019) analyzed 512 Gila specimens 
from five upper basin sites (Cataract Canyon, Black Rocks, Deso/Gray, Westwater Canyon, and 
Yampa Canyon) as well as one site (the LCR) in the lower basin. Included in the analysis were 
179 G. robusta, 22 G. elegans, and 13 suspected hybrids. Samples were genotyped for 18 
microsatellite loci and sequenced for the ND2 mitochondrial (mtDNA) locus. 

Bohn et al. (2019) found that genetic diversity levels were slightly higher for G. cypha in the 
upper basin when compared to specimens from the lower basin. Yampa Canyon “G. cypha” were 
genetically identified to G. robusta, which supports field reports of G. cypha being recently 
extirpated from Yampa Canyon. Private microsatellite alleles and mtDNA haplotypes were 
found in all G. cypha populations. Two distinctly separate mtDNA haplotype groups were found: 
(1) G. elegans and (2) G. cypha/G. robusta, with the most common haplotypes shared by G. 
cypha and G. robusta. Hybridization between G. cypha and G. robusta was prevalent in Black 
Rocks and Westwater Canyon, but rare in Deso/Gray. Gila cypha diverged from G. robusta with 
increased stream distance from Black Rocks. Estimates of effective population size were similar 
to census estimates in the upper basin (USFWS 2018). 

These genetic analyses support three discrete populations, or management units for G. cypha 
(Bohn et al. 2019; Figure 4): 

1. Upper Colorado River (Black 
Rocks/Westwater Canyon and 
Cataract Canyon),  

2. Green River (Desolation/Gray 
Canyons), and  

3. the Lower Colorado River 
(Grand Canyon/Lower Basin).  

Bohn et al. (2019) recommended that 
any future development of broodstock 
for the upper basin should separate 
Desolation/Gray Canyons from Black 
Rocks/Westwater Canyon due to the 
variable incidence of hybridization 
observed at these two sites. Lower 
basin fish should not be used to 
supplement upper basin diversity 
because of the greater genetic diversity 
in the upper basin, as revealed in this 
study. For the purpose of this document, 

Figure 4. Gila cypha genetic management units: (1) Black 
Rocks/Westwater Canyon and Cataract Canyon, (2) 
Desolation/Gray Canyons, and (3) the Lower Basin (Grand 
Canyon), based on recommendations from Bohn et al. (2019). 
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the three discrete management units identified by Bohn et al. (2019) are referred to as genetic 
management units (GMUs) to distinguish these populations on the basis of genetic diversity. 

The Deso/Gray population of humpback chub is entirely within the Deso/Gray GMU, but this 
GMU does not extend upstream to include the extirpated humpback chub that occupied the 
Green and Yampa rivers within DNM. Genetic analysis of the historical G. cypha from Yampa 
Canyon, now extirpated, found that the fish were genetically related to fish from Deso/Gray 
(Douglas and Douglas 2007; Chafin et al. 2019). Analysis by Bohn et al. (2019) showed that the 
more recent Yampa Canyon Gila specimens were genetically identified as G. robusta, which 
supports field reports of G. cypha being extirpated from Yampa Canyon. No assignment of a 
GMU was made to fish from DNM. 

3.3 Population Sizes and Numbers of Fish Available 

The Humpback Chub SSA (USFWS 2018) provided a description of each of the populations in 
the upper basin. That description is summarized and updated herein to provide a perspective of 
the current population sizes and possible availability of wild fish for translocation or broodstock 
development from each of the five populations of humpback chub: 

• All four upper basin populations appear self-sustaining (Black Rocks, Westwater 
Canyon, Deso/Gray, and Cataract Canyon). 

• Altogether, the number of adults in the four populations is about 6,000, based on the sum 
of the most recent confirmed estimate of each population (Table 1). 

• The three largest populations supported 510 adults in Black Rocks for 2017 (Francis et al. 
2020) and 3,656 in Westwater Canyon for 2017 (Hines et al. 2020), and 1,672 in 
Deso/Gray for 2015 (Howard and Caldwell 2018). 

• The smallest population is Cataract Canyon with 468 adults in 2003 and 295 in 2005. 

• A total of 391 adults was estimated in the Yampa River within DNM during 1998-2000 
(Haines and Modde 2002), and a second estimate in 2000 was 600 adults (Nesler 2000). 

• The population in DNM is functionally extirpated with the last humpback chub captured 
in the Yampa River in 2004 (Finney 2006) and in Whirlpool Canyon of the Green River 
in 2006 (Bestgen et al. 2007). 

The numbers of adult G. cypha and subadult Gila spp. captured annually and the mean estimated 
abundances are presented in Table 1 to show the numbers of wild fish available in each of the 
four upper basin populations. Preliminary estimates of population size and numbers of fish 
captured are available from annual project reports found at: https://coloradoriverrecovery.org/ 
documents-publications/work-plan-documents/project-annual-reports.html. Final peer reviewed 
reports on these population estimates can be found at: https://www.coloradoriverrecovery.org/ 
documents-publications/technical-reports/research-monitoring.html. 

https://coloradoriverrecovery.org/%20documents-publications/work-plan-documents/project-annual-reports.html
https://coloradoriverrecovery.org/%20documents-publications/work-plan-documents/project-annual-reports.html
https://www.coloradoriverrecovery.org/
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Table 1. Total numbers of adult humpback chub captured (TNC; with subadult Gila spp. in parentheses) with all 
gears (trammel nets, hoop nets, electrofishing), and mean estimated adult abundance (MEA) for the four upper basin 
populations, 1998−2019. TNC and MEA are from USFWS (2018) and from annual project reports found at: 
https://coloradoriverrecovery.org/ 

Year Black Rocks Westwater Deso/Gray Cataract 
TNC MEA TNC MEA TNC MEA TNC MEA 

1998 184 880 -- 6,747 -- -- -- -- 
1999 293 994 -- 3,520 -- -- -- -- 
2000 67 740 -- 2,266 -- -- -- -- 
2001 -- -- -- -- 217 3,087 -- -- 
2002 -- -- -- -- 283 (1) 16,931 -- -- 
2003 70 590 298 (120) 2,520 241 (1) 6,935 44 468 
2004 77 560 290 (46) 2,724 -- -- 43 273 
2005 42 -- 292 (8) 2,000 -- -- 31 295 
2006 -- -- -- -- 140 2,856 -- -- 
2007 62 283 285 (5) 1,212 136 1,794 -- -- 
2008 74 395 358 (7) 1,139 -- -- 6 -- 
2009 -- -- not available -- -- -- 18 -- 
2010 -- -- -- -- 73 2,520 11 -- 
2011 78 (152) 379 334 (10) 1,467 63 -- 9 -- 
2012 112 (22) 404 205 (4) 1,315 -- -- -- -- 
2013 -- -- not available -- -- -- 11 -- 
2014 -- -- -- -- 120 (1) 1,863 -- -- 
2015 -- -- -- -- 95 (7) 1,672 5 (8)a -- 
2016 160 358 339 (13) 2,002 -- -- -- -- 
2017 164 510 374 (19) 3,656 -- -- 19 (46) -- 
2018 -- -- -- -- 129 (4) 4,410b -- -- 
2019 -- -- -- -- 126 6,426b 20 (18) -- 

a Baited hoop nets were first used in Cataract Canyon in 2015 in an attempt to capture juvenile and subadult Gila spp. 
b Preliminary estimates based on extrapolation of reach-specific estimates have not been peer-reviewed and finalized. 

 

  

https://coloradoriverrecovery.org/
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3.4 Source Populations and Collection Strategies Considered 

Five possible sources of humpback chub were considered by the Team, including the two upper-
basin GMUs, the lower-basin GMU, and two mixtures of GMUs (Table 2). The following 
summarizes the information considered for each source, as described in the species status 
assessment (USFWS 2018): 

1. Black Rocks/Westwater 

• The Black Rocks population occupies a small geographic area of the Upper Colorado 
River of about 1.4 km and the Westwater population occupies about 13.5 km. 

• The two populations are about 16 km apart and an ongoing exchange of marked 
individuals indicates the populations are linked.  

• The recent estimated number of adults in Black Rocks has ranged from 283 in 2007 
to 510 in 2017, and in Westwater Canyon from 1,139 in 2008 to 3,656 in 2017. 

• The numbers of juvenile G. cypha are variable by year, and individuals are difficult to 
distinguish morphologically from juvenile G. robusta. 

• The roundtail chub (G. robusta) is a common inhabitant of both Black Rocks and 
Westwater Canyons, with evidence of introgressive hybridization with G. cypha in 
both populations. 

• Although the Cataract Canyon population is considered part of the Black Rocks 
/Westwater GMU, it was not singly considered an appropriate source of fish because 
of the small numbers of humpback chub usually captured and because of its remote 
location. 

2. Desolation/Gray Canyons 

• The Deso/Gray population occupies the largest geographic area (113 km) of the four 
upper basin humpback chub populations. 

• The nearest population is Cataract Canyon, about 220 km downstream, and the 
Yampa River mouth is about 233 km upstream. 

• Estimates of adults have ranged from 1,672 in 2015 to 6,426 in 2019 (preliminary 
estimate that has not been peer reviewed). 

• The numbers of juvenile G. cypha are variable by year and individuals are difficult to 
distinguish from G. robusta; fish will be genotyped and grown out to verify species. 

• The roundtail chub (G. robusta) was once common in Deso/Gray, with evidence of 
introgressive hybridization with G. cypha; fewer roundtail chub have been captured 
recently, and the incidence of hybridization is less than in Black Rocks/Westwater. 
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3. Mixed Upper Basin Fish 

• Involves a combination of fish from any of the four populations in the upper basin.  

• A mixed source of fish would provide more reliable annual numbers of fish, as the 
number of individuals in a given population may vary by year. 

• To adhere to the Gila cypha GMUs recommended by Bohn et al. (2019), fish would 
have to be taken from either Black Rocks, Westwater Canyon, and Cataract Canyon; 
or from Desolation\Gray Canyon, but not from both GMUs (see Figure 4). 

4. Mixed Upper and Lower Basin Fish 

• Involves a combination of fish from any of the four populations in the upper basin, as 
well as the Grand Canyon population in the lower basin. 

• A mixed source of fish would provide more reliable annual numbers of fish, as the 
number of individuals in a given population may vary by year. 

• To adhere to the Gila cypha GMUs recommended by Bohn et al. (2019), fish would 
have to be taken from either Black Rocks, Westwater Canyon, and Cataract Canyon; 
or from Desolation\Gray Canyon; or from the Grand Canyon, but not from all three 
GMUs (see Figure 4). 

• Bohn et al. (2019) further recommends that to maintain genetic integrity, lower basin 
G. cypha should not be used to supplement upper basin populations. 

5. Grand Canyon (Lower Basin) 

• The only population of humpback chub in the lower basin is in Marble and Grand 
canyons, where individuals occupy about 400 km of the mainstem Colorado River 
from RM 30 to RM 280, as well as about 18 km of the Little Colorado River (LCR) 
and about 6 km of lower Havasu Creek where translocated fish were added to small 
existing numbers of fish. 

• The core LCR population includes fish from the LCR and from about 15 km of the 
mainstem around the LCR confluence; these fish move annually into the LCR to 
spawn and mix with resident fish. No roundtail chub are found in this population. 

• Since population estimates began in 1989, the number of adults in the LCR core 
population has ranged from 10,946 in 1989 to 5,021 in 2001, to 7,650 in 2008, and 
about 11,500–12,000 adults for 2009–2012. 

• In addition to the fish in and near the LCR, about 250 adults and several hundred 
juveniles and sub-adults occur in six mainstem aggregations distributed in about 295 
km of the mainstem from RM 30 to RM 213; the numbers of individuals in these 
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aggregations have been increasing since 2014, and increasing numbers of humpback 
chub of all ages have been found in western Grand Canyon (RM 240−280). 

• A translocation program, starting in 2008 removed juvenile humpback chub from the 
LCR, when available, to the Southwestern Native Aquatic Resources & Recovery 
Center (SNARRC) for treatment and grow-out for one year before stocking into 
various Grand Canyon tributaries. Fish were first released in Shinumo Creek in 2008, 
but a debris flow in 2014 killed or transported most of the fish from the stream. Fish 
were also translocated into Havasu Creek starting in 2015, where the current 
population estimate is about 150 adults. Fish have also recently been translocated to 
Bright Angel Creek. 

• About 1,000 G. cypha from Grand Canyon are being held at SNARRC as a refuge 
population to conserve genetic material from the lower basin. Wild fish are 
periodically added to this refuge population to maintain numbers. These fish could be 
used to produce fish as a source for upper basin broodstock development of G. cypha. 

3.5 Evaluation of Source Populations and Genetics 

Three criteria were used to evaluate the five potential sources of humpback chub listed above: 

1. Source population demographics or genetics, 

2. Target population genetics, and 

3. Other populations’ genetics. 

The five sources of humpback chub were scored by Team members using the three above 
criteria. Scores ranged from 1 (poor) to 5 (good), and source selection was made based on (1) 
total score, (2) high end of range, and (3) low end of range, with the highest total score receiving 
the highest rank (i.e., most appropriate source). The following describes the rationale by the 
Team in evaluating each source with the final determinations and scores in bolded text: 

1. Black Rocks/Westwater  

a. Source Population Demographics or Genetics 

Two concerns were discussed regarding Black Rocks/Westwater as the source population: (1) 
removing young fish may negatively affect demographics, and (2) removing young fish from 
populations may negatively affect local genetic diversity. However, when the number of 
individuals in Black Rocks is low, the combination with Westwater Canyon should provide 
sufficient numbers of individuals to buffer the negative effect of removal on the demographics 
and genetic diversity of either population. If numbers are low in one population, or in a given 
year, the other population can provide the necessary fish, although low numbers of fish in both 
populations may render removal impossible in some years. The difficulty of distinguishing 



3.0 Sources of Humpback Chub  Final Report 
Reintroduction ad hoc Team  July 14, 2021 
 

18 
 

young G. cypha from sympatric G. robusta in either population precludes removing very young 
fish and could reduce the numbers available for removal. Because these populations are linked 
as a large number of fish, this criterion was scored 4 with a range of 3-5. 

b. Target Population Genetics 

Designated GMUs separate the Green River G. cypha (i.e., Deso/Gray) from the Colorado River 
G. cypha (i.e., Black Rocks, Westwater Canyon, Cataract Canyon), and recommend against 
mixing GMUs. Bohn et al. (2019) recommended that any future development of broodstock for 
the upper basin should separate Deso/Gray from Black Rocks/Westwater due to the variable 
incidence of hybridization observed at these two sites. The higher incidence of hybridization 
with particularly the Black Rocks fish raises the concern that introducing G. cypha could 
increase the likelihood of inbreeding or interbreeding with other Gila spp. already in DNM, 
principally G. robusta. Because the DNM population is functionally extirpated, reintroduction 
would not be on an existing population, and the effect on G. cypha already present in the area is 
moot. Because the Black Rocks/Westwater G. cypha are a different GMU than Deso/Gray 
on the Green River and not genetically related to historical fish from DNM, this criterion 
was scored 2 with a range of 2-3. 

c. Other Populations’ Genetics 

The principal concern in reintroducing G. cypha into DNM is the possibility that stocked fish or 
their descendants may move downstream into the Deso/Gray population, and negatively affect 
the genetics of that population. This was a major concern by most Team members, given that 
Bohn et al. (2019) recommends separating the Deso/Gray GMU from the Black 
Rocks/Westwater GMU. The possible effect to other upper basin populations was considered 
less because the fish would be returning to the source GMU (i.e., Black Rocks/Westwater and 
Cataract Canyon). Because of the potential for reintroduced fish from the Black 
Rocks/Westwater GMU moving into the Deso/Gray GMU, this criterion was scored 2 with 
a range of 2-3. 

2. Desolation/Gray Canyons 
a. Source Population Demographics or Genetics 

Using the Deso/Gray source would improve species representation by adding redundancy to the 
Deso/Gray GMU. Furthermore, descendants of stocked fish emigrating from DNM to the 
Deso/Gray population would return to a population with similar alleles. Two concerns were 
discussed regarding Deso/Gray as the source population: (1) removing young from low density 
populations may negatively affect demographics, and (2) removing young from populations may 
negatively affect local genetic diversity. The number of individuals in the Deso/Gray population 
apparently varies considerably over time and individuals are not distributed uniformly. 
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Removing fish from Deso/Gray could negatively affect local (site) and population (canyon) 
demographics and genetic diversity. If numbers are low in a given year, removal of sufficient 
numbers of fish for translocation or broodstock development may take many years. There are 
fewer roundtail chub in Deso/Gray than in the other upper basin populations, and the difficulty of 
distinguishing young G. cypha from sympatric G. robusta may not be as significant in the 
Deso/Gray population as it would be elsewhere. Because of the potentially low numbers of 
fish in Deso/Gray in some years, this criterion was scored 3 with a range of 3-4. 

b. Target Population Genetics 

Reintroducing fish from the Deso/Gray source into DNM would help to extend and preserve the 
Deso/Gray GMU. Geneticists surmise that the Deso/Gray G. cypha are similar genetically to the 
historical DNM fish (Douglas and Douglas 2007; Chafin et al. 2019). Although insufficient 
numbers of translocated fish may increase the likelihood of inbreeding or interbreeding with 
other Gila spp. currently in DNM, the incidence of hybridization is lower for the fish from 
Deso/Gray than for fish from Black Rocks/Westwater. The Team believed that G. cypha from 
Deso/Gray was the best source of fish to reintroduce into DNM, and this criterion received 
a unanimous maximum score of 5. 

c. Other Populations’ Genetics 

Reintroducing G. cypha from the Deso/Gray source into DNM was considered a neutral effect, 
as any stocked fish or their descendants moving downstream are likely to have similar genetic 
composition. Using fish from the Deso/Gray source is consistent with the recommendation 
of Bohn et al. (2019) for separating Deso/Gray from Black Rocks/Westwater Canyon. The 
possible effect to other upper basin populations was considered less because of their far 
distance from DNM, and this criterion received a unanimous score of 5. 

3. Mixed Upper Basin Fish 

a. Source Population Demographics or Genetics 

This source option would involve removing G. cypha from any combination of the four upper 
basin populations (i.e., Black Rocks, Westwater Canyon, Deso/Gray, or Cataract Canyon). 
Removing fish from multiple populations would reduce the negative effect on the demographics 
of a single population by not removing as many fish. Removing fewer fish from a given 
population would also reduce the potential effect of harvest pressure on genetic diversity of the 
source population. Because the number of individuals in a given population can vary by 
year, taking fish from more than one population can help to insure the necessary numbers 
of fish for translocation or broodstock development, with less negative demographic effect 
to any one population. This criterion received a score of 4 with a range of 2-5. 
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b. Target Population Genetics 

Multiple sources of G. cypha could increase the numbers of fish available for the target area and 
increase the chances for survival, reproduction and recruitment that could lead to a self-sustained 
population. Although the survival of specific reintroduced stocks is unknown, mixing stocks 
could spread the risk of failure and enhance genetic diversity. Higher numbers of translocated 
fish may also reduce the likelihood of inbreeding once the reintroduced fish began spawning. 
One concern for multiple stocks and higher numbers of reintroduced individuals is the likelihood 
of interbreeding with other Gila spp. already present in DNM, especially G. robusta. A mixture 
of stocks could introduce fish from Black Rocks and Westwater Canyons, with a higher 
incidence and tendency toward hybridization, and Deso/Gray, with a lower incidence. Using a 
mixture of upper basin fish is not consistent with the Bohn et al. (2019) recommendation of 
segregating the Black Rocks/Westwater GMU from the Deso/Gray GMU. It is primarily 
for this reason that this criterion was scored a 2 with a range of 2-3. 

c. Other Populations’ Genetics 

Depending on the source population, a mixture of G. cypha from upper basin populations could 
have different effects. A greater number of fish from the Black Rocks/Westwater GMU could 
result in the reintroduced fish moving downstream and mixing with the Deso/Gray GMU with 
possible negative genetic effects caused by mixing GMUs. These fish could also result in a 
higher incidence of hybridization with G. robusta already in the Yampa and Green rivers. 
Conversely, a greater number of fish from the Deso/Gray GMU could result in reintroduced fish 
moving downstream to their genetic origin and augmenting the existing Deso/Gray GMU. Also, 
to adhere to the Gila cypha GMUs recommended by Bohn et al. (2019), fish would have to be 
taken from either Black Rocks, Westwater Canyon, and Cataract Canyon; or from 
Desolation\Gray Canyon, but not from both units (see Figure 4). Thus, any advantage to using 
mixed stocks could be compromised by genetic considerations. Because of the uncertainty of 
using a mixture of upper basin fish on genetic diversity, this criterion was unanimously 
scored a 2. 

4. Mixed Upper and Lower Basin Fish 

a. Source Population Demographics or Genetics 

The principal advantage of this source option is that fish can be taken from any of the five 
populations of G. cypha, including the four in the upper basin (i.e., Black Rocks, Westwater 
Canyon, Deso/Gray, or Cataract Canyon), as well as the population in the lower basin (i.e., 
Grand Canyon). Removing fish from multiple populations should reduce negative effects on the 
demographics of source populations. One desirable aspect of this mixed source is the greater 
availability of juvenile G. cypha from the Grand Canyon, where other species of Gila are not 
present to confound identification of young fish. However, fish from the LCR have been 
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removed for translocation to Grand Canyon tributaries since 2008, and the necessary numbers to 
minimize negative demographic effects on the source population may not be available every year 
(numbers removed are based on a model developed by Pine et al. 2013). Because of the greater 
availability of fish from multiple sources, this criterion was scored 5 with a range of 3-5.  

b. Target Population Genetics 

Multiple sources of G. cypha could increase the numbers of fish available for the target area and 
increase the chances for survival, reproduction and recruitment that could lead to a self-sustained 
population. Although the survival of specific reintroduced stocks is unknown, mixing stocks 
could spread the risk of failure and enhance genetic diversity. Higher numbers of translocated 
fish may also reduce the likelihood of inbreeding once the reintroduced fish began spawning. 
Mixing multiple stocks and higher numbers of reintroduced individuals increases the likelihood 
of interbreeding with other Gila spp. already present in DNM, especially G. robusta. The 
greatest concern over this source is potentially mixing upper basin with lower basin stocks, 
which is not recommended (Bohn et al. 2019). Because the reintroduced fish would only be a 
sample of the source population genetics composition, the expression of adaptive traits may or 
may not be manifest once the fish are in DNM. Some Team members argued that bringing lower 
basin fish into DNM could enhance the possibility of successful reintroduction, given that the 
LCR fish have a demonstrated ability to succeed ongoing translocation efforts to three tributaries 
in the Grand Canyon (Healy et al. 2019), and fish in the mainstem have successfully expanded 
downstream into newly exposed habitat in western Grand Canyon following the lower elevation 
of Lake Mead (Rogowski et al. 2018). Because the mixture of the Grand Canyon GMU and 
the upper basin GMUs is inconsistent with recommendations by Bohn et al. (2019), this 
criterion was scored 2 with a range of 1-3. 

c. Other Populations’ Genetics 

Reintroducing a mixture of upper and lower basin G. cypha into DNM was viewed by most 
Team members as a potential negative effect on the genetics of other G. cypha populations. This 
source of fish could potentially mix the fish of all three GMUs into the upper basin that is not 
recommended (Bohn et al. 2019). The greatest concern is the short-term downstream movement 
of reintroduced fish into the Deso/Gray population, as well as the long-term potential dispersal of 
fish into other upper basin populations. If the lower basin fish are disproportionately represented 
in the reintroduced fish—or if their survival is greater—the possibility of genetic mixing across 
GMUs is enhanced. Some Team members argued that bringing lower basin fish into the upper 
basin may provide a greater chance for successful reintroduction and population establishment, 
as the fish from the Grand Canyon have a lower incidence of G. robusta genetic influence, and a 
demonstrated ability to successfully translocate and expand. Because of the potential negative 
effect from a mixture of the upper and lower basin GMUs (Bohn et al. 2019), this criterion 
was scored 1 with a range of 1-2. 
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5. Grand Canyon 

a. Source Population Demographics or Genetics 

The Grand Canyon population of G. cypha is the largest and most widely distributed of the five 
known populations. As such, it probably has the largest number of fish available for translocation 
or broodstock development. Starting in 2008, young humpback chub have been removed from 
the LCR almost annually and successfully translocated to four tributaries within the Grand 
Canyon (i.e., Shinumo Creek, Havasu Creek, upper LCR, Bright Angel). The advantage to using 
these fish has been a natural mixing of broods that represent the genetic diversity of the LCR. 
Additionally, a refuge population of about 1,000 G. cypha from the Grand Canyon has been 
established at SNARRC. A genetic analysis of these fish shows that they are genetically diverse 
with low and non-significant inbreeding coefficients, high levels of observed heterozygosity, and 
high allelic diversity (Wilson 2014). These fish could potentially be used to help develop a 
source for broodstock development and avoid removing additional fish from the LCR. One 
drawback to the Grand Canyon as the potential source of fish is that a sufficient number of fish 
may not be available every year for both Grand Canyon translocations and for upper basin 
translocation or broodstock development. A positive consideration for Grand Canyon fish as a 
potential source of G. cypha is that the species has rapidly expanded down the Colorado River 
into western Grand Canyon, although no attempts have been made to remove any of those fish 
for translocation or broodstock development. Because of the greater potential availability of 
fish from the Grand Canyon, this criterion was scored 5 with a range of 3-5. 

b. Target Population Genetics 

Introducing Grand Canyon G. cypha into DNM was a big concern for some Team members 
because of the potential genetic effect of establishing a population in DNM with fish of the lower 
basin GMU that may disperse and mix with the Deso/Gray GMU. Geneticists recommend 
segregating the upper and lower basin GMUs because upper basin populations are more diverse 
and contain more private alleles. Upper basin populations are also more closely related to one 
another than to the lower basin, which is relatively distant genetically. The greatest concern over 
this source is potentially mixing lower basin with upper basin stocks, which is not recommended 
(Bohn et al. 2019). Some Team members argued that bringing Grand Canyon fish into DNM 
could enhance the possibility of successful reintroduction because the LCR fish have a 
demonstrated ability to successfully translocate to tributaries in the Grand Canyon (Healy et al. 
2019), and fish in the mainstem have successfully expanded downstream into western Grand 
Canyon (Rogowski et al. 2018). The concern in using Grand Canyon G. cypha was not with 
superimposing fish on an existing population, as the G. cypha population in DNM is functionally 
extirpated, but rather the potential mixing of lower basin fish into the Deso/Gray GMU. 
Furthermore, it is unknown if adaptive traits of G. cypha for living in the cooler mainstem 
Colorado River in Grand Canyon and spawning in the warm LCR would transfer to the Green 
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and Yampa rivers in DNM. Because the number of individuals used would only be a sample of 
the source population, the expression of genetic and environmental plasticity is unknown, and 
using fish that are closest to the historical DNM G. cypha was considered prudent. Because 
bringing G. cypha across GMUs was a concern, and because the expression of adaptive 
traits is uncertain, this criterion was scored 2 with a range of 1-3. 

c. Other Populations Genetics 

Reintroducing Grand Canyon G. cypha into DNM was viewed by most Team members as a 
potential negative effect on the genetics the upper basin populations. The greatest concern was 
the short-term downstream movement of reintroduced fish into the Deso/Gray population, as 
well as the long-term potential dispersal into other upper basin populations. If Grand Canyon fish 
become established in DNM, the effect of their genetics could extend over time to the entire 
upper basin, including the Deso/Gray GMU and the Black Rocks/Westwater GMU. Bohn et al. 
(2019) recommended not mixing GMUs. Some Team members argued that bringing lower basin 
fish into the upper basin may provide a greater chance for successful population establishment, 
as fish from the Grand Canyon have a demonstrated ability to successfully translocate and 
reproduce, and a lower incidence of G. robusta genetic influence. Because of the potential 
negative genetic effect of mixing the lower basin GMU with an upper basin GMU (see Bohn 
et al., 2019), this criterion was scored 1 with a range of 1-2. 

3.6 Most Appropriate Source of Humpback Chub 

The Team decided that the most appropriate source of humpback chub was the Deso/Gray 
population. The five sources were ranked as follows, from most to least appropriate (Table 2): 

1. Desolation/Gray Canyons, 

2. Black Rocks/Westwater, 

3. Mixed upper basin fish, 

4. Mixed upper and lower basin fish, and 

5. Grand Canyon. 

The Deso/Gray population was ranked as the most appropriate source population because it (1) is 
located in the same river basin as DNM and is the nearest population to DNM, (2) is the most 
closely genetically related to the extirpated population, (3) appears large enough to support this 
effort based on most recent population estimates, (4) provides redundancy to the Deso/Gray 
population, and (5) fish released in DNM and emigrating downstream would not harm the 
genetic integrity of the Deso/Gray GMU and the population structure because the translocated 
fish would possess similar alleles. A drawback of this population, though not unique among 
humpback chub populations, is the remote location that will require substantial logistics to 
capture and transport the wild fish.
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Table 2. Assessment matrix for potential genetic and demographic effects on five source populations for establishing a new population of humpback chub in Dinosaur National Monument. Scores range from 1 (poor) to 
5 (good), with highest total score receiving the highest rank (i.e., most appropriate source). ‘=’ means effect is neutral, ‘+’ means effect may be positive, ‘-‘ means effect may be negative. 

Source  Source Population Demographics or 
Genetics Target Population Genetics * Other Populations’ Genetics  Rank  

Total Score (Range) 
Black 
Rocks/Westwater 

- Removing young may negatively affect 
demographics, see Pine et al. (2013) 
- Removing young from populations may 
negatively affect local diversity 

- Geneticists segregated Green and Colorado rivers’ GMUs  
- Insufficient numbers of fish may increase likelihood of inbreeding 
or interbreeding with other Gila spp 
= Translocation would not be on existing population; DNM 
population functionally extirpated 

- Stocked fish or descendants may move 
downstream to Deso/Gray  

2 

Score: 4 (3-5) 2 (2-3) 2 (2-3) 8 (7-11) 
Desolation/Gray 
Canyons 

+ Improves species representation by adding 
redundancy to the Deso/Gray GMU   
+ Descendants of stocked fish emigrating to 
Deso/Gray may improve local numbers 
- Removing young from low density 
populations may negatively affect 
demographics, see Pine et al. (2013) 
- Removing young from populations may 
negatively affect local diversity 

+ Preserving Deso/Gray GMU adaptive traits and lineage is 
important for the species 
+ Geneticists believe Deso/Gray fish similar to historic DNM fish 
genetically 
- Insufficient numbers of translocated fish may increase likelihood 
of inbreeding or interbreeding with other Gila spp. 

= Fish or descendants may move 
downstream to their natal origin in 
Deso/Gray 

1 

Score: 3 (3-4) 5 5 13 (13-14) 
M ixed Upper 
Basin Fish 

= Removing young spread out over more 
populations should reduce negative effect on 
source demographics 
+ Combining stocks reduces harvest 
pressure on source stock diversity 

+ Multiple sources could increase numbers of fish available 
= Higher numbers of translocated fish may reduce likelihood of 
inbreeding 
+ Higher numbers may increase numbers of survivors to 
adulthood 
- Higher numbers may increase the likelihood of interbreeding with 
other Gila spp. 
- Geneticists segregated upper basin GMUs 
+ Survival of specific stocks unknown, mixing stocks could spread 
risk of failure by low diversity 
= Translocation would not be on existing population; DNM 
population functionally extirpated 

= Translocated fish from Deso/Gray may 
move downstream to their natal origin in 
Deso/Gray 
- Translocated fish from other stock or 
descendants may move downstream to 
Deso/Gray, although swamping not 
expected 3 

Score: 4 (2-5) 2 (2-3) 2  8 (6-10) 
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Source  Source Population Demographics or 
Genetics Target Population Genetics * Other Populations’ Genetics  Rank  

Total Score (Range) 
M ixed Upper and 
Lower Basin Fish 

 

+ Removing young spread out over more 
populations should reduce negative effect on 
source demographics 
 

+ Multiple sources could increase numbers of fish available 
= Higher numbers of translocated fish may reduce likelihood of 
inbreeding 
+ Higher numbers may increase numbers of survivors to 
adulthood 
- Higher numbers may increase the likelihood of interbreeding with 
other Gila spp. 
- Geneticists segregated upper and lower basin GMUs 
+ Survival of specific stocks unknown, mixing stocks could spread 
risk of failure by low diversity 
= Translocation would not be on existing population; DNM 
population functionally extirpated 

- Possible dispersal of stocked fish to DG, 
CAT, WW, BRa; Effect depends on 
significant numbers of fish mixing with other 
populations; swamping possible 
- Geneticists segregated upper and lower 
basin GMUs 
- M ixing upper and lower basin stocks could 
dilute unique genetic makeup of Deso/Gray 
 

4 

Score: 5 (3-5) 2 (1-3) 1 (1-2) 8 (5-10) 
Grand Canyon 
(GC) 

= Fish currently being translocated from LCR 
to GC tributaries; See Pine et al. (2013) 
model for acceptable number to remove. 
+ GC has higher abundance of wild young 
fish than BR/WW or DG in many years 
+ Naturally spawned fish in refuge are not 
currently available because are kept in 
cooler water to limit spawning but could be 
available if allowed to spawn to avoid 
removing additional fish from LCR  

- Geneticists segregated upper and lower basin GMUs because 
upper basin populations are more diverse and contain more 
private alleles. Upper basin populations are also more closely 
related to one another than to the lower basin, which is genetically 
relatively distant 
= Translocation would not be on existing population; DNM 
population functionally extirpated. 
+ Translocated fish from naturally mixed genetic stock 
 

- Possible dispersal of stocked fish or 
descendants to DG, CAT, WW, BRa 
- Effect depends on significant numbers of 
fish mixing with other populations 
= GC fish are the least hybridized with other 
Gila but have lower diversity overall 
- Geneticists segregated upper and lower 
basin GMUs 

5 

Score: 4 (4-5) 2 (1-3) 1 (1-2) 7 (6-10) 
aDG = Desolation/Gray Canyons, CAT = Cataract Canyon, WW = Westwater Canyon, BR = Black Rocks
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4.0 Production and Stocking Strategies 

4.1 Overview 

After the Team selected DNM as the reintroduction area and the Deso/Gray population as the 
source population for humpback chub, the focus shifted to evaluating production and stocking 
strategies. New populations of humpback chub have been established in the Grand Canyon 
through translocation, but neither translocation nor reintroduction have been attempted in the 
upper basin.  

Reestablishment of locally extinct or extirpated populations and augmentation of declining 
populations are management concepts used with increasing frequency in the conservation of 
imperiled fishes in the United States (George et al. 2009). These are important concepts that, if 
applied wisely and prudently, can help achieve species conservation and recovery (IUCN/SSC 
2013), and are defined as follows: 

• Propagation is the production of individuals within a captive environment for the purpose 
of reintroduction to the wild, 

• Translocation is the transport of wild-caught fish from one place to another within their 
known range, 

• Reintroduction is the release of fish within their historical range where a population no 
longer exists; relocation is the introduction of fish outside of their native range, and 

• Augmentation is the addition of individuals to an existing wild population. 

Establishing a population of humpback chub in the upper basin may involve one or more of the 
above concepts. In the case of DNM, the population of humpback chub was recently extirpated 
and reintroduction is appropriate, given that this area supported an historical population within 
the species’ native range. Propagation and translocation are also concepts considered by the 
Team as production and stocking strategies. In this chapter we describe the strategies considered 
by the Team for taking fish from the Deso/Gray population for production and stocking. 

4.2 Production and Stocking Strategies Considered 

Four production and stocking strategies for humpback chub were identified and evaluated: 

1. Translocate fish from the wild with intermediate holding in hatcheries, 

2. Develop broodstock for voluntary spawning of fish in hatchery ponds, 

3. Develop broodstock for paired matings, and 

4. Combine translocation from wild with broodstock production from either voluntary 
spawning or paired matings. 
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The strategies described in this chapter apply only to using the Deso/Gray population as a source, 
as this was the most appropriate source of humpback chub identified in chapter 3. If the 
Deso/Gray population is not a successful source of fish, production and stocking strategies may 
need to be developed for one or more of the remaining ranked sources identified in Table 2. 

Collecting fish from a remote whitewater canyon area is a challenge for all the strategies. The 
Deso/Gray population is in a whitewater reach that is accessible by raft from the Bureau of Land 
Management (BLM) Ranger Station at Sand Wash (RM 215.8) and a downstream takeout at 
Swaseys Rapid (RM 131.8). The only road access in the 84-mile reach of river is at McPherson 
Ranch (RM 159.5), approximately mid-way from launch to take-out. The road to the ranch 
crosses the Uintah and Ouray reservation of the Ute Tribe and is long, undeveloped, requires a 
permit, and is not a desirable access point. 

A fish collecting trip through Deso/Gray is usually 6-7 days, and the fish would have to be 
transported in aerated coolers on rafts, held overnight in live pens, and transferred to a hatchery 
truck at the take-out. Alternatively, a batch of fish could be taken to the takeout by motorized 
sport boat, flown from a primitive air strip at Rock Creek on private property, or transported by 
helicopter from other remote locations. Because of the low numbers of fish that may be 
available, fish of all sizes will need to be collected, including juveniles, subadults, and adults. All 
fish transported to hatchery facilities will be screened and treated for diseases and parasites, 
including tapeworms. Also, all fish will be genotyped at the hatchery to distinguish G. cypha 
from the morphologically similar G. robusta. 

The following summarizes each of the four production and stocking strategies: 

1. Translocate from wild via hatcheries 

• Fish will be captured as juveniles, subadults, or adults and transported to a hatchery. 

• At the hatchery, fish will first be screened and treated for diseases and parasites, 
individually genotyped to confirm as Gila cypha and held until they reach a size of at 
least 150 mm TL, and individually marked with a PIT tag. 

• Following the holding period in the hatchery, the fish will be translocated for release 
at one or more sites of the Green and Yampa rivers in DNM. 

• This strategy will be followed annually, as feasible and necessary, to ensure sufficient 
numbers of fish to establish a self-sustained population. 

• Studies show that wild fish have better survival when translocated than fish produced 
and raised in a hatchery, but the success of a translocation strategy greatly depends on 
the number of fish available in the source population (Healy et al. 2019). 
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2. Voluntary spawning of fish in hatchery ponds 

• Fish will be captured as juveniles, subadults, or adults and transported to a hatchery. 

• At the hatchery, fish will first be screened and treated for diseases and parasites, 
individually genotyped to confirm as Gila cypha and possibly for select voluntary 
spawning, held until they reach a size of at least 150 mm TL, and individually marked 
with a PIT tag. 

• At maturity, the fish will be transferred and held in hatchery ponds, where they will 
be allowed to spawn voluntarily at random or among genetically-selected fish; the 
fish may be held in cooler water to control the timing of spawning. 

• Progeny of volunteer spawning should be genotyped to ensure that their genetic 
diversity (e.g., proportion of polymorphic loci) is most closely representative of the 
parent broodstock. 

• This broodstock of fish in the hatchery will be periodically augmented with wild fish 
and fish currently in captivity to ensure genetic diversity. 

• The progeny of these fish will be harvested from the pond, raised to a suitable size for 
tagging, and released at one or more sites in the Green and Yampa rivers in DNM. 

• This strategy will be followed annually, as feasible and necessary, to ensure sufficient 
numbers to establish a self-sustained population. 

3. Develop broodstock for paired matings 

• Fish will be captured as juveniles, subadults, or adults and transported to a hatchery. 

• At the hatchery, fish will first be screened and treated for diseases and parasites, 
individually genotyped to confirm as Gila cypha and possibly for select paired 
matings, held until they reach a size of at least 150 mm TL, and individually marked 
with a PIT tag. 

• At maturity, the fish will be held in cold water to prevent voluntary spawning. 

• The fish will be transferred to warm water and treated with hormones, as necessary, 
to induce spawning; 25 males will be artificially crossed with 25 females. Individuals 
may be manually stripped of eggs and milt, or allowed to spawn voluntarily. 
Observations from Ouray NFH (Matt Fry, pers. comm.) show that spawning can 
occur when adults are paired in individual hatchery tanks with artificial spawning 
mats for substrate. Water temperature and photoperiod can be manipulated indoors to 
induce natural spawning in the hatchery tanks. 

• The young of these fish will be harvested from the pond, raised to a suitable size for 
tagging, and released at one or more sites in the Green and Yampa rivers in DNM. 
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• This strategy will be followed annually, as feasible and necessary, to ensure sufficient 
numbers of fish to establish a self-sustained population. 

• This strategy requires knowing the genetics of the parents, the use of a diverse 
broodstock, rotating the broodstock, minimizing loss of genetic diversity, and 
allowing for skipped spawning. 

• This broodstock of fish will be periodically augmented with wild fish and fish 
currently in captivity to ensure genetic diversity. 

4. Combine translocation from wild with voluntary/paired spawning 

• Fish will be captured as juveniles, subadults, or adults and transported to a hatchery to 
be held in two groups: (1) fish to be temporarily held in a hatchery and released to the 
wild, and (2) fish to be held in a hatchery for voluntary spawning or paired mating. 

• Group 1 fish will first be screened and treated for diseases and parasites, individually 
genotyped to confirm as Gila cypha and held until they reach a size of at least 150 
mm TL, and individually marked with a PIT tag before release. 

• Group 2 fish will be used as broodstock for voluntary pond spawning and for paired 
matings, and their progeny will be raised to taggable size and released at one or more 
sites in the Green and Yampa rivers in DNM. 

• This strategy will be evaluated to determine which procedure (translocation of wild 
fish, or voluntary spawning/paired mating) is the most effective for producing 
humpback chub for release to the wild. 

4.3 Evaluation of Production and Stocking Strategies 

The four production and stocking strategies for reintroducing humpback chub from Deso/Gray to 
DNM were evaluated using the following criteria (Table 3): 

1. Time to develop and implement, 

2. Demographic considerations, 

3. Stress to fish from handling/transport, 

4. Cost and logistics, and 

5. Likelihood of success. 

Each of the criteria was scored by Team members for each of the four production and stocking 
strategies. Scores ranged from 1 (poor) to 5 (good). The most viable strategy was selected based 
on (1) total score, (2) high end of range, and (3) low end of range, with the highest total score 
receiving the highest rank (i.e., most viable strategy). The following describes the rationale by 
the Team in evaluating each strategy with the final determinations and scores in bolded text: 
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1. Translocate from wild via hatcheries 

a. Time to Develop and Implement 

Translocating fish from one location to another takes the least time for getting fish into the wild 
of the four strategies, although the time to develop and implement this strategy will depend 
largely on the availability of fish from the Deso/Gray population. Because of the low numbers of 
fish that may be available in a given year, fish of all available sizes will be need to be captured, 
including juveniles, subadults, and adults. These fish will need to be treated for parasites and 
diseases, raised in the hatchery to sufficient size to distinguish G. cypha from G. robusta, and 
PIT-tagged. This translocation strategy requires temporary care in the hatchery and does not 
require additional hatchery culture. This strategy is the most time-effective for getting fish 
into the wild, although more river trips would be necessary to collect sufficient numbers of 
fish. Because of these considerations, this criterion was unanimously scored 4. 

b. Demographic Considerations 

This translocation strategy requires more wild fish than the three other strategies evaluated 
because the establishment of a population is entirely dependent on the numbers of wild fish that 
can be collected from the source population. This can deplete the source population of 
individuals and affect the reproductive potential and possibly its genetic diversity. The numbers 
of fish captured annually in Deso/Gray can vary from 100 or more in years of high abundance to 
fewer than 70 in years of low abundance (see Table 1). Because large numbers of individuals 
may not be available in every year and collection of sufficient numbers may need to take 
place over several years, possibly removing a substantial proportion of adults, this criterion 
was scored 2 with a range of 1-2. 

c. Stress to Fish from Handling/Transport 

All of the fish used in this translocation strategy will be collected in the wild, transferred to a 
hatchery, treated for diseases and parasites, PIT-tagged, and subsequently released in the wild. 
To achieve the numbers necessary for establishing a self-sustained population, many collecting 
trips will be required with considerable stress to the fish from handling and transport. Fish from 
the Deso/Gray population will need to be held in aerated coolers and live pens while being 
transported downstream by raft for up to 84 miles over 6-7 days of collections. This will impose 
considerable stress on the fish from capture, holding, and transport while being off food. Once at 
the hatchery, the fish will be fed, treated for diseases and parasites, and tagged. This strategy is 
being used to translocate humpback chub from the LCR to other tributaries in the Grand Canyon 
(Trammell et al. 2012; Spurgeon et al. 2015; Healy et al. 2019), and that experience will help to 
better understand how to handle the fish. Because all fish eventually released to the wild will 
undergo considerable handling from initial extended collections and holding in a hatchery 
to transport and release, this criterion was scored 2 with a range of 1-3. 
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d. Cost and Logistics 

This strategy requires (1) multiple annual river trips for collecting fish, (2) transport of fish by 
truck to a hatchery, (3) holding, treatment, and tagging of fish at the hatchery, and (4) subsequent 
release of fish to the wild. Each collection trip requires whitewater rafts and equipment, shuttle 
services, and a river permit from the BLM. Transport of the fish will require a hatchery truck and 
crew, and holding, treatment, and tagging of fish at the hatchery will require space, feed, proper 
chemicals, marking equipment and tags, and personnel. The estimated costs of this strategy were 
not computed, but are generally known by hatchery personnel who were members of the Team. 
This document recommends a “Humpback Chub Procurement and Hatchery Production Plan” 
that would provide detailed costs and logistics. Because of the extensive costs and logistics 
associated with the translocation of wild fish over multiple years, this criterion was scored 
2 with a range of 1-3. 

e. Likelihood of Success 

Studies show that wild fish have better survival when translocated than stocked hatchery fish, but 
the success of this strategy greatly depends on the number of fish available in the source 
population (Healy et al. 2019). The Team believes that the likelihood of success for this 
strategy is high because it involves translocation of wild fish, but the low apparent numbers 
of fish in the Deso/Gray population could extend the need for translocation over several 
years. This criterion was scored 4 with a range of 3-5. 

2. Voluntary spawning of fish in hatchery ponds  

a. Time to Develop and Implement 

Wild fish taken to a hatchery and allowed to voluntarily spawn will require time for the fish to 
mature, depending on their age at the time of capture. It will also take time to accumulate 
sufficient numbers of fish (i.e., broodstock) to ensure genetic diversity; e.g., 500 fish can be held 
with 250 used in alternate years. Following spawning, the progeny will need to be collected and 
raised to a sufficient size for PIT-tagging before release to the wild. Before being deemed as 
suitable for reintroduction purposes, progeny also must be genotyped and evaluated in relation to 
the parental broodstock, which presumably would be large and genetically diverse (Diver et al. 
2015). The time to develop and implement voluntary spawning depends on procuring sufficient 
numbers of fish for spawning and on the time necessary for the progeny to reach maturity. 
Humpback chub have been observed to spawn voluntarily in hatchery ponds, and it is noted that 
the genetic diversity of the adults is important to the diversity of the progeny (Wilson 2014). 
Once a sufficient number of fish is secured in the hatchery (e.g., 500), there is no additional 
requirement, except to periodically augment the broodstock with wild fish. Because of the 
uncertain time to accumulate the necessary number of fish, this criterion was unanimously 
scored 3. 
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b. Demographic Considerations 

This strategy requires a large number of wild fish (e.g., 500) that can be built up over time in a 
hatchery. Once sufficient numbers are achieved, removal of fish from the source population will 
only be periodic to augment the broodstock. Removal of fish from the source population can take 
place over several years, depending on the numbers of wild fish available, and can be done to not 
affect the demography or genetics of the source population. Because the Deso/Gray population 
can vary annually in apparent numbers of fish (see Table 1), large numbers of individuals 
may not be available in a given year, but the numbers needed for voluntary spawning will 
not be as great as the numbers needed for translocation. Because of these considerations, 
this criterion was scored 3 with a range of 2-4. 

c. Stress to Fish from Handling/Transport 

Once the fish are captured in the wild and transported to a hatchery, the amount of stress and 
handling on the fish is minimal. The fish are held in ponds where they are fed and allowed to 
spawn voluntarily. Because there is little handling once the fish are in a hatchery, this 
criterion was unanimously scored 4. 

d. Cost and Logistics 

This strategy requires (1) multiple annual river trips for collecting fish, (2) transport of fish by 
truck to a hatchery, (3) holding, treatment, and tagging of fish at the hatchery, (4) holding the 
fish in hatchery ponds, (5) harvesting the progeny, and (6) raising, feeding, and tagging the 
progeny for release. The river trips to capture the fish and subsequent treatment and holding in a 
hatchery will incur costs and logistics, but the cost is minimized once the number of brood fish is 
reached. There is a minimal cost for subsequent periodic augmentation of fish from the wild that 
could be done during other trips, such as monitoring or nonnative fish removal. Because the 
costs and logistics associated with voluntary spawning are up front and require primarily 
feeding and periodic augmentation, this criterion was scored 4 with a range of 2-4. 

e. Likelihood of Success 

Studies suggest that naturally-spawned humpback chub have apparent survival rates equal to or 
greater than the source wild population (Healy et al. 2019), but the survival of voluntary-
spawned fish is uncertain, although likely greater than the progeny of paired matings. Additional 
information, guidelines and caveats on the use of volunteer spawning for recovery purposes can 
be found in Diver et al. (2015), who cautioned that offspring from volunteer spawning may not 
be suitable for recovery purposes if the parental stock is not large enough or sufficiently 
genetically diverse. Success for the strategy of voluntary spawning is contingent on the 
sufficient number of fish involved in spawning and on known genetic diversity of the 
progeny. One concern for this strategy is the possibility that in a given year, the number of 
adults involved in spawning is low and the young will exhibit low genetic diversity. This can 
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be offset by selecting fish of known genetic makeup for spawning. Assuming sufficient 
numbers for broodstock and voluntary spawning by a large and genetically diverse 
number of adults, this criterion was unanimously scored 4. 

3. Develop broodstock for paired matings  

a. Time to Develop and Implement 

Wild fish taken to a hatchery for development of a broodstock will require time to accumulate 
sufficient numbers of fish to ensure genetic diversity (e.g., 500 fish) and to periodically augment 
the stock. It will also take time for the fish to mature, depending on their age at the time of 
capture. Once the fish are mature, 25 x 25 paired matings will produce young, and the progeny 
will be raised to a sufficient size for marking and release to the wild. The young fish will require 
feeding and a substantial amount of care and handling. Cold pond space is required for the 
broodstock and tanks are required for the young to be kept separate as siblings or half siblings 
from unrelated fish; only the unrelated fish will be released in the wild. This strategy requires 
moderate logistics, including space and cost for holding and feeding fish, and transport for 
stocking; this would need to be repeated annually or as necessary to provide sufficient numbers 
of fish. Once a sufficient number of fish is secured for a broodstock (e.g., 500), there is no 
additional requirement, except to periodically augment the brood fish with wild fish. 
Because of the time required for sufficient numbers of fish to mature, and the uncertainty 
in numbers available from Deso/Gray, this criterion was unanimously scored 3. 

b. Demographic Considerations 

This strategy requires a large number of fish (e.g., 500) that can be built up over time in a 
hatchery. Once sufficient numbers are achieved, removal of fish from the source population will 
be only periodic to augment the broodstock. Removal of fish from the source population can take 
place over several years, depending on the numbers of wild fish available, and can be done to not 
affect the demography or genetics of the source population. Because the Deso/Gray population 
can vary annually in apparent numbers of fish (see Table 1), large numbers of individuals 
may not be available in a given year, but the numbers needed for broodstock development 
can be accumulated over time. Because of these considerations, this criterion was scored 4 
with a range of 4-5. 

c. Stress to Fish from Handling/Transport 

Once the fish are captured in the wild and transported to a hatchery, the stress is principally to 
the fish that are used in the 25 x 25 paired matings. The fish will be held in cold water to 
suppress voluntary spawning, then switched to warm water and possibly treated with hormones 
to induce spawning. A sufficiently large broodstock and augmentation with wild fish should help 
reduce stress and handling of individual fish. Handling will also be necessary for the progeny, as 
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they will need to be held, fed, and PIT-tagged before release to the wild. Handling stress to 
individual fish in the broodstock can be mitigated with augmentation of wild fish and 
rotating the fish used for spawning, but because the young will require care and 
maintenance, this criterion was unanimously scored 3. 

d. Cost and Logistics 

This strategy requires (1) multiple annual river trips for collecting fish, (2) transport of fish by 
truck to a hatchery, (3) holding, treatment, and tagging of fish at the hatchery, (4) holding the 
broodstock in cool hatchery ponds, (5) transferring the fish to warm ponds and treating with 
hormones, as necessary, (6) performing 25 x 25 paired matings, (7) procuring and separating 
family lots, and (8) raising the progeny for release. The river trips to capture the fish and 
subsequent treatment in a hatchery will incur costs and logistics, but the cost is minimized once 
the number of brood fish is reached. There is a minimal cost for subsequent augmentation of fish 
from the wild that could be done during other trips, such as monitoring or nonnative fish 
removal. There are substantial costs for holding the young in separate family lots until they reach 
a sufficient size to mark. Because the costs and logistics associated with initial capture of 
wild fish is up front, and the subsequent costs associated with feeding and rearing fish for 
release can be part of hatchery operations, this criterion was scored 4 with a range of 3-4. 

e. Likelihood of Success 

The likelihood of success for broodstock development and paired matings is good because of the 
certainty of production once the necessary number of broodstock fish is achieved. The genetic 
diversity of the broodstock is known and the 25 x 25 paired matings will result in progeny of 
known genetic diversity. However, the fish from these paired matings may not survive as well as 
wild fish once released, and a large number of fish may need to be produced for release to the 
wild to compensate for low survival. Because of the certainty in numbers produced and the 
known genetic diversity of the progeny, this criterion was scored 4 with a range of 3-4. 

4. Combine translocation from wild with voluntary/paired spawning 

a. Time to Develop and Implement 

It will require time to accumulated the necessary numbers of wild fish for volunteer spawning 
and for use as paired matings. Additional time may be needed to allow the fish to mature 
depending on their age at the time of capture. Collecting enough wild fish for 500 adults will 
require multiple years of collection of various size and age fish. Once sufficient numbers of fish 
are collected, production of young from voluntary spawning and paired matings would begin, 
and it would take about one year to raise the progeny to taggable size. Because the time from 
collecting wild fish to producing young with these two methods is relatively short, this 
criterion was scored 4 with a range of 3-5. 
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b. Demographic Considerations 

This strategy requires about 500 adults for voluntary spawning or for paired matings. Once 
sufficient numbers are obtained (see Appendix sections B-3 and B-4), removal of fish from the 
source population will be only to augment the broodstock. Removal of fish from the source 
population can take place over several years, depending on the numbers of wild fish available, 
and can be done to not affect the demography or genetics of the source population. We expect 
that a minimum of five years of collections will likely be necessary, but it may require up to 10+ 
years based on collection success. Because the Deso/Gray population can vary annually in 
apparent numbers of fish (see Table 1), large numbers of individuals may not be available 
in a given year, but the numbers needed can be accumulated over time. Because of these 
considerations, this criterion was unanimously scored 3. 

c. Stress to Fish from Handling/Transport 

Once sufficient numbers of fish are captured in the wild for voluntary spawning and paired 
matings, the stress will principally be to the fish that are used in the 25 x 25 paired matings. The 
fish will be held in cold water to suppress voluntary spawning, then switched to warm water and 
possibly treated with hormones to induce spawning. A sufficiently large broodstock and 
augmentation with wild fish will help to mitigate the effect of stress and handling. Handling will 
also be necessary for the progeny, as they will need to be held, fed, and PIT-tagged before 
release to the wild. Stress to translocated fish would be comparable to that described under 
option 1. Because of the handling necessary for the two methods, this criterion was 
unanimously scored 2. 

d. Cost and Logistics 

This strategy requires (1) multiple annual river trips for collecting fish, (2) transport of fish by 
truck to a hatchery, (3) holding, treatment, and tagging of fish at the hatchery, (4) holding one 
group in ponds for voluntary spawning, (5) holding the second group in cool hatchery ponds, and 
transferring the fish to warm ponds and treating with hormones, as necessary, (6) performing 25 
x 25 paired matings, (7) procuring and separating family lots, and (8) raising the progeny of each 
group for release. The river trips to capture the numbers of fish necessary and subsequent 
treatment in a hatchery will incur costs and logistics, but the cost is reduced once the number of 
brood fish is reached. Periodic augmentation of fish from the wild could be done during other 
trips, such as monitoring or nonnative fish removal. There is a substantial cost for rearing the 
progeny in separate family lots to taggable size. Because of the space required to hold the 
large numbers of fish for the two substrategies, and the costs and logistics associated with 
hatchery facilities, as well as feeding and rearing the fish for release, this criterion was 
unanimously scored 2. 
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e. Likelihood of Success 

Because two methods are associated with this strategy, the likelihood of success is good. Once 
the necessary numbers of fish become established in a hatchery and the procedures for voluntary 
spawning and paired matings are refined, this strategy is expected to potentially produce large 
numbers of fish for release to the wild. The released fish would have to be marked in order to 
evaluate and compare the survival and growth of the two groups. The only expressed concern 
was for the genetic diversity of the young from voluntary spawning, compared to the young from 
paired spawning, which would be known. Because two methods are associated with this 
strategy, this criterion was scored 5 with a range of 4-5. 

4.4 Most Viable Production and Stocking Strategy 

The four production and stocking strategies were ranked as follows, from most to least viable: 

1. Develop broodstock for paired matings, 

2. Voluntary spawning of fish in hatchery ponds, 

3. Combine translocation from wild with voluntary/paired spawning, and 

4. Translocate from wild via hatcheries. 

The Team scored two strategies equally high; i.e., develop broodstock for paired matings, and 
voluntary spawning of fish in hatchery ponds (see Table 3 for scores). Developing broodstock 
for paired matings ranked slightly higher because of the higher range of scores, but because of 
these close rankings, the Team determined that the most viable production and stocking strategy 
was a combination of broodstock development for paired matings and for voluntary spawning.  

The strategy involves removing wild fish from the Deso/Gray population to develop a future 
broodstock for either paired spawning and/or voluntary spawning in hatchery ponds. This 
strategy would maximize the number of fish needed for reintroduction without further negatively 
affecting the demographics of the Deso/Gray source population by minimizing the numbers of 
wild fish removed. Further, this strategy will allow for genetic evaluation of either the parental or 
production (stocked) fish; evaluation of survival, growth, etc. by allowing tagging of various age 
classes prior to release; and evaluation of the most efficient and effective method for producing 
genetically diverse fish. 

Geneticists and hatchery personnel on the Team recommended a broodstock of 500 humpback 
chub to be established in hatchery facilities for the recommended production and stocking 
strategy (see Appendix section B-3). This broodstock would be comprised of about 250 females 
and 250 males taken from the Deso/Gray population. A broodstock of 500 fish would minimize 
genetic drift and genetic inbreeding. The fish would be taken from the wild (i.e., Deso/Gray), 
transported to a hatchery, treated for diseases and parasites, genotyped, PIT-tagged, and held in 
ponds, where spawning readiness can be controlled with temperature. When mature, fish would 



4.0 Production and Stocking Strategies  Final Report 
Reintroduction ad hoc Team  July 14, 2021 
 

37 
 

be selected for 25 x 25 paired matings, based on their genetic inter-relationships, and their 
progeny would be held as separate family lots, marked with PIT tags at 150 mm TL, and 
evaluated for release to the wild. 

A second group of fish would be selected from the original broodstock, based on genetic inter-
relationships, and placed in warm outdoor ponds to spawn voluntarily. These fish would be 
monitored for spawning success, and their progeny would be genotyped, marked with PIT tags at 
150 mm TL, and evaluated for release to the wild. Genetic diversity of progeny should be 
compared to that of the parental broodstock, which presumably would be sufficiently diverse for 
recovery purposes (Diver et al. 2015). 

4.5 Numbers of Fish to be Removed and Stocked 

With the most viable production strategy requiring a broodstock of 500 wild fish, the manner in 
which these fish would be collected from Deso/Gray would need to be determined, as well as the 
numbers needed for stocking into DNM. The Team decided that an individual-based, stock-
assessment model developed by Pine et al. (2013) could be used to address these questions. The 
model had been previously used to evaluate translocations of humpback chub in Grand Canyon 
(Healy et al. 2019, 2020). A description of how this model was used to determine the numbers of 
fish for collection from Deso/Gray and for stocking into DNM is provided in Appendix B. 

 Removing fish from Deso/Gray. The Pine et al. (2013) model was used to simulate the 
demographic effect of removing 500 humpback 
chub from the Deso/Gray population. The model 
was run with 1,000 simulations each for four 
scenarios that combined average (1,670) and high 
(2,140) adult population sizes, and for low (0.61) 
and high (0.87) adult survival rates. The numbers 
of fish removed were simulated individually for 
juveniles, subadults, and adults for periods of 1, 2, 
3, 4, or 5 consecutive years. 

The modeling runs revealed the least negative 
response by the simulated Deso/Gray population 
to removing 100 juveniles in each of five 
consecutive years and a greater negative 
demographic response to removing all 500 adults 
in one year (Figure 5). Negative response was 
gauged as the number of years before the 
simulated population resumed the modeled 
average or high adult population size. Given 

Figure 5. Effect of removing 500 humpback chub as 
juveniles (upper) or adults (lower) for 1-5 consecutive 
years on a simulated low Deso/Gray population of 
1,670 adults at survival (S) of 0.87. 
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that the majority of humpback chub captured in Deso/Gray would be expected to be adults (see 
Table 1), fish collections will necessarily comprise of primarily adults, although all juveniles and 
subadults should be collected to offset the numbers of adults removed. Removing 100 adults per 
year for five consecutive years may be possible if population numbers in Deso/Gray are high. 
However, removing fewer than 100 adults per year for more than five years would have a less 
negative demographic effect, and is recommended. Removing fewer fish over time may enhance 
genetic diversity by increasing the chance of taking fish of different year classes. 

 Stocking fish in DNM. The Pine et al. (2013) model was also used to simulate the 
demographic response to stocking humpback chub in DNM to achieve population sizes of 600 
adults (the higher of the last two Yampa River population estimates) and 1,440 adults (estimated 
from historical distribution), at low (0.61) and high (0.87) adult survival. The model was run 
with 1,000 simulations each for the four scenarios. The number of fish stocked was simulated 
individually for juveniles, subadults, and adults for periods of 1 to 10 consecutive years. 

Modeling runs revealed that population sizes of 600 or 1,440 adults could be achieved in DNM 
by stocking greater numbers of fish in a few consecutive years or smaller numbers in more 
consecutive years (Figure 6). For example, a population of 600 adults at adult survival of 0.61 
could be achieved by stocking a total of 34,500 juveniles in one year, or 6,900 juveniles annually 
for five consecutive years. This population size could also be achieved by stocking 10,000 adults 
in one year or 2,000 adults annually for five consecutive years. Stocking fish over a period of 
years is advised to minimize the chance of an 
unsuccessful stocking event due by unforeseen 
conditions. 

Because this document does not contain the detail 
necessary for production and stocking, a 
“Humpback Chub Procurement and Hatchery 
Production Plan” and a “Humpback Chub 
Reintroduction and Monitoring Plan” should be 
developed if the recommendations contained in 
this document are adopted. This document does 
not contain the details necessary to design and 
implement hatchery production of humpback 
chub, nor does it contain the details necessary for 
locations and schedules of releasing fish into the 
wild.  

Figure 6. Numbers of humpback chub stocked by age 
class for up to ten consecutive years in the Yampa 
River to achieve populations with ~600 and ~1,400 
adults, at adult survival (S) of 0.87. 
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4.6 Production and Stocking Strategies Considered and Discounted 

The following production and stocking strategies were considered and discounted by the Team: 

1. Capture large numbers at early development stages 

For some fish species, it is possible to capture large numbers of individuals at the larval or early 
juvenile stages for hatchery grow-out and translocation. For example, attempts to repatriate the 
razorback sucker in Lake Mohave involve attracting the larvae to lights and collecting them with 
dip nets (Marsh et al. 2005). Large numbers of juvenile humpback chub are seen at times at the 
lower LCR, but not in the populations of the upper basin, where G. cypha is sympatric with G. 
robusta, and the two species cannot be distinguished in the field. This production strategy was 
discounted because fish are already being removed from the LCR for Grand Canyon 
translocations. This method would be ineffective in the upper basin because of the potential 
mixture of G. cypha and G. robusta and the difficulty of distinguishing the species as larvae. 

2. Stream-side spawning  

Stream-side spawning of humpback chub has been attempted on five occasions, including once 
at Black Rocks, Colorado and four times at the LCR, Arizona. The only successful attempts that 
produced larvae were at Black Rocks in 1980 (Valdés-Gonzalez 1980) and at the LCR in 1993 
(Lupher and Clarkson 1994). The other three attempts at the LCR resulted in no live larvae 
(Minckley 1989; Raisanen et al. 1991; Angradi et al. 1992). This production strategy was 
discounted because of the uncertainty of success and the inability to control genetic crosses. 

The first attempt at stream-side spawning took place in early June 1980 (Valdés-Gonzalez 1980) 
when 18 adult humpback chub were captured in Black Rocks and held for 3 days in live pens at 
river temperature of 12-16°C. All males produced milt, but because eggs could not be manually 
stripped, three females were injected with a preparation of carp pituitary and were stripped of a 
total of 18,000 eggs (4000, 4000, and 10,000 per fish). The fertilized eggs were transferred to the 
Willow Beach National Fish Hatchery in Willow Beach, Arizona, and divided into lots. Eggs 
incubated at 12-13°C failed to develop and died after 110 hours; those incubated at 20-21°C 
hatched in 120-160 hours (Hamman 1980) and were used in culture and incubation experiments 
(Hamman 1982; Marsh 1985). In December 1981, about 7,600 of these 1½-year old fish were 
released in Cataract Canyon. The fish were each marked with coded wire tags, but none were 
recaptured. 

In 1993, Lupher and Clarkson (1994) captured and held 75 adult humpback chub in the LCR in 
late April-early May, at a temperature of 17.0-20.4°C. Approximately 2,800 eggs were manually 
stripped from 10 hormone-injected females, and transferred to the Arizona Game and Fish 
Department’s Bubbling Ponds Hatchery at Cornville, Arizona. About 1,100 eggs hatched after 6-
8 days, and the young were used in thermal shock experiments.
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Table 3. Assessment matrix for attributes associated with production and stocking strategies to introduce humpback chub into Dinosaur National Monument, using the Desolation/Gray Canyons population as the 
source of fish. Scores range from 1 (poor) to 5 (good), with highest total score receiving the highest rank (i.e., most viable strategy). 

Strategy Time to Develop and 
Implement 

Demographic 
Considerations 

Stress to Fish from 
Handling/Transport Cost and Logisticsa Likelihood of Success Rank 

Total Score (Range) 
Translocate from wild via 
hatcheries 

Capture juveniles, subadults, or 
adult fish and hold at hatchery 
until at least 150 mm TL for 
disease screen and identify and 
PIT tag 

Young may not be readily 
available or captured; Need 
substantially more wild 
captures than for broodstock  

Remote whitewater locations 
require substantial handling 
and transport until release 

Transport from remote 
locations, transport to 
hatchery, and cost of 
holding until release 

Studies suggest wild fish have 
better survival when 
translocated than stocked 
hatchery fish, assumes 
adequate numbers available  

4 

Score: 4 2 (1-2) 2 (1-3) 2 (1-3) 4 (3-5) 14 (10-17) 
Voluntary spawning of 
fish in hatchery ponds 

Fish allowed to spawn naturally 
in captivity, held minimum of 8 
months or until at least 150 mm 
TL for disease screen and PIT 
tag; Time needed for fish to 
reach maturity 

May need additional wild 
captures of young and adult 
fish to enhance captive stock  

Normal rearing of fish in 
hatchery; transport to release 

Fish already in captivity, 
could be augmented with 
more fish; ongoing cost for 
maintaining fish 

Studies suggest naturally 
spawned fish have better 
survival when translocated 
than fish raised from F2 
hatchery broodstock 

2 

Score: 3 3 (2-4) 4 4 (2-4) 4 18 (15-19) 
Develop broodstock for 
paired matings 

Captive fish mated to produce 
broodstock, progeny held 
minimum of 8 months or until at 
least 150 mm TL for disease 
screen and PIT tag; Time 
needed for fish to reach 
maturity 

May need additional wild 
captures of young and adult 
fish to enhance captive stock  

Substantial handling of 
broodstock, normal rearing of 
fish; transport to release 

Requires space for 
broodstock and space for 
siblings/half siblings from 
paired matings; space to 
hold fish for disease screen 
and PIT tag 

Studies suggest fish raised 
from broodstock in hatchery 
may have lower post-stocking 
survival, but genetic diversity 
is maximized 

1 

Score: 3 4 (4-5) 3 4 (3-4) 4 (3-4) 18 (16-19) 
Combine translocation 
from wild with broodstock 
production from either 
voluntary spawning or 
paired matings 

Release as two experimental 
lots to evaluate different 
survival, wild captured fish held 
minimum of 8 months or until at 
least 150 mm TL for disease 
screen and PIT tag 

May need additional wild 
captures to enhance captive 
stock  

Substantial handling of 
broodstock, normal rearing of 
fish; transport to release 
remote whitewater locations 
require substantial handling 
and transport until release 

Transport from remote 
locations, transport to 
hatchery, and cost of 
holding until release; 
ongoing cost for maintaining 
fish in UT/CO 

Good experimental test of 
which is more successful  

3 

Score: 4 (3-5) 3 2 2 5 (4-5) 16 (14-17) 
adetailed costs and logistics should be part of the “Humpback Chub Procurement and Hatchery Production Plan”
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5.0 Synthesis and Recommendations 

5.1 Synthesis of Findings 

The Team explored the feasibility and strategies for reintroducing humpback chub into the Upper 
Colorado River Basin, and found that establishing a population is feasible, given the 
recommendations and guidelines provided in this document. The Team determined that (1) DNM 
is the most suitable area for reintroduction, (2) the Deso/Gray population is the most appropriate 
source of humpback chub, and (3) the most viable production and stocking strategy is to take fish 
from the wild to develop a broodstock for paired matings and voluntary spawning in hatchery 
ponds (Figure 7). 

The Team also determined that a 
broodstock of 500 adults (250 males 
and 250 females) would be necessary 
and appropriate to ensure genetic 
diversity and minimize inbreeding. 

An individual-based model was used to 
determine that 500 fish could be taken 
from the Deso/Gray population as 100 
fish per year for 5 years. Biologists 
familiar with the population agreed, 
but advised the Team to take fewer fish 
over a longer time period, especially if 
the population was low, so as to 
minimize the negative demographic 
effect. The model was also used to derive 
numbers of fish by size class that would 
need to be stocked over time to achieve a suitable population size; e.g., 1,800 juveniles or 6,200 
adults stocked annually for five years. 

The Team identified the following caveats, based on their collective expertise and experience: 

• The chosen strategy will likely need to be implemented for a decade or more before a 
self-sustained population may become established, 

• Multiple releases of fish will likely be necessary, given the collective past experience of 
seeing low survival of fish stocked in the wild; e.g., six annual translocations of 243-305 
juveniles each were made to start a population in Havasu Creek of the Grand Canyon 
(Healy et al. 2019), and 

• Monitoring and evaluation will be necessary to determine if reintroduction is successful. 

Figure 7. Findings of the ad hoc Team in selecting the 
reintroduction area, source population, and production and 
stocking strategy for the humpback chub. 
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The following is a more detailed synthesis of the Team’s findings: 

• Reintroduction Area. The most suitable area for reintroduction is DNM because (1) it 
recently supported a population of humpback chub, (2) the physical habitat is unaltered, 
(3) flow management by the UCRRP is in place to support minimum summer base flows, 
and (4) nonnative fish management is in place to suppress the threats of predation and 
competition. Bringing fish into DNM is necessary to restore the population, as the 
probability of natural demographic rescue from immigrating fish of other populations is 
low. 

• Source of Fish. The most appropriate source of humpback chub is the population in the 
Desolation/Gray Canyons (Deso/Gray) reach of the Green River. This population (1) is 
located in the same river basin as DNM and is the nearest population to DNM, (2) is the 
most closely genetically related to the extirpated population, and (3) appears large 
enough to support this effort based on most recent population estimates. Furthermore, 
introducing humpback chub from Deso/Gray into DNM (4) provides redundancy to the 
Deso/Gray population and (5) would not harm the genetic integrity of the Deso/Gray 
genetic management unit via downstream emigration of fish because the translocated fish 
would possess similar alleles.  

• Production and Stocking Strategy. The most viable production and stocking strategy is 
to remove wild fish from the Deso/Gray population to develop a future broodstock for 
either paired spawning and/or voluntary spawning in hatchery ponds. This strategy would 
maximize the number of fish used for reintroduction without further negatively affecting 
the demographics of the Deso/Gray source population by minimizing the numbers of wild 
fish removed.  

• Numbers of Fish Needed from Deso/Gray. A total of 500 humpback chub (~250 
females and ~250 males) would need to be collected from the Deso/Gray population to 
establish a hatchery broodstock. According to an individual-based model, a maximum of 
100 adults per year can be removed for five consecutive years, or fewer fish over a longer 
time period, without causing negative demographic impact to the population. Priority 
should be given to removing available juveniles and subadults to minimize the number of 
adults removed annually.  

• Numbers of Fish Needed to Stock DNM. Consecutive years of stocking juveniles, 
subadults, and/or adults is recommended, in accordance with the modeled numbers of 
fish identified in document tables. A multi-year stocking program should be established 
that releases the recommended numbers of fish for consecutive years to minimize the risk 
of poor environmental conditions or high mortality in a given year. Stocking rates should 
target a sustainable population of 600 adults and should be estimated using low survival 
estimates (S = 0.61) to conservatively gauge and refine the stocking strategy, and 
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possibly adjust the numbers of fish stocked if monitoring shows that the system can 
support a different number of humpback chub. A mixture of available sizes of fish may 
be used to determine which size yields the best survival, reproduction, and recruitment. 

• Additional Plans . A “Humpback Chub Procurement and Hatchery Production Plan” and 
a “Humpback Chub Reintroduction and Monitoring Plan” should be developed, if the 
recommendations contained in this document are adopted. This document does not 
contain the details necessary to design and implement hatchery production of humpback 
chub, nor does it contain the details necessary for release locations and schedules of fish 
into the wild. 

5.2 Recommendations 

The following are the recommendations (not necessarily in order) of the Team for reintroducing 
humpback chub into the Upper Colorado River Basin: 

1. Develop a Humpback Chub Procurement and Hatchery Production Plan that details how 
fish will be taken from the wild to a hatchery and spawned to produce fish for 
reintroduction. 

2. Develop a Humpback Chub Reintroduction and Monitoring Plan that details how and 
where hatchery-produced fish will be released to the wild and how they will be monitored 
for success. 

3. Ensure that hatchery facilities and personnel are available to accommodate the 
recommended stocking strategy of broodstock development for paired matings and 
voluntary spawning in hatchery ponds, including hatchery trucks for transporting fish. 

4. Remove 500 fish from the Deso/Gray population to establish a hatchery broodstock in 
accordance with modeled recommendations of this report and the procurement and 
hatchery production plan; use juveniles and subadults when available to reduce the 
numbers of adults removed. 

5. Release fish into the Yampa and/or the Green rivers of DNM in accordance with modeled 
recommendations of this report and the reintroduction and monitoring plan. 

6. Establish and implement a monitoring program for the stocked fish that, if possible, 
integrates with existing monitoring programs, and is in accordance with the 
reintroduction and monitoring plan. 

7. Ensure compliance and permitting with all applicable laws and regulations. 

8. Ensure adherence to all fish health protocols and inspections. 
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6.0 Coordination and Monitoring 

6.1 Coordination with Fish Culture Facilities 

Reintroducing or translocating humpback chub into the upper basin will require involvement of 
one or more fish culture facilities. It is likely that one or more of the existing facilities that assist 
in the recovery of Colorado pikeminnow, razorback sucker, humpback chub, and bonytail would 
be used for this effort. The following facilities may be used, depending on capacity, resources, 
and availability (see Figure 1 for the location of each facility): 

1. Southwestern Native Aquatic Resources and Recovery Center, Dexter, New Mexico 
a. Located in the Pecos River/Rio Grande drainage, 600 to 750 miles from upper 

basin humpback chub population centers. 
b. Currently holds a refuge population of about 1,000 G. cypha from the LCR. 
c. One of the largest fish culture and research facilities in the southwestern U.S. and 

currently holds 14 species of threatened and endangered fish. 

d. Facilities include 75 earthen/lined ponds (0.1-1.0 acres), four (6’x40’) fiberglass 
raceways, four (8’x40’) concrete raceways, 20 (2’x12’) rectangular fiberglass 
tanks, 40 (4’) fiberglass circular tanks, 50 (3’) fiberglass circular tanks (3’), and 
80 (10 gallon) and 20 (40 gallon) aquaria. 

e. The facility utilizes three water reuse systems in the fish culture building. 

2. Ouray National Fish Hatchery (ONFH) – Randlett Unit, near Ouray, Utah 
a. Located in the Green River subbasin, 50 to 75 miles from both the Deso/Gray 

population of humpback chub and the Yampa River. 
b. Received about 200 Gila spp. from the Yampa River in 2007 to hold and grow to 

identifiable size. Those fish were released back to DNM as adults. 
c. This unit is currently holding 11 humpback chub from the Deso/Gray population. 
d. The facility consists of a 36,000-gallon indoor recirculation hatchery with 27 

eight-foot circular fiberglass tanks and 30 four-foot circular fiberglass tanks.  
e. An isolation room with a separate recirculation system containing 12 three-foot 

circular fiberglass tanks that doubles as a 19-jar egg incubation hatchery during 
spawning season.  

f. There are 24 production ponds (each 0.2 acre), and 12 broodstock ponds (each 0.5 
acre). 

3. Ouray National Fish Hatchery – Grand Valley Unit, Grand Junction, Colorado 
a. Located in the Upper Colorado River subbasin, this facility is <50 miles from the 

Black Rocks and Westwater Canyon populations, ~85 miles from Deso/Gray, and 
about 100 miles from the Cataract Canyon population. 
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b. The hatchery consists of several facilities: 1) Horsethief broodstock ponds, 2) 
Grand Valley Propagation Facility, 3) Horsethief Canyon Native Fish Facility, 
and 4) various grow-out ponds. 

i. The Horsethief facilities include 22 ponds ranging in size from 0.1 to 0.5 
acres, totaling 6.2 acres, and each 5-6 feet deep. 

ii. The Grand Valley Unit includes 94 circular fiberglass tanks. 
c. This facility is capable of producing and holding large numbers of fish. 
d. Currently, the Grand Valley unit has 9 humpback chub in captivity from the Black 

Rocks population; these fish have readily spawned in hatchery ponds without 
intervention. 

4. John W. Mumma Native Aquatic Species Restoration Facility, Alamosa, Colorado 
a. Located in the Rio Grande drainage, 250 to 400 miles from upper basin humpback 

chub population centers. 
b. Managed by Colorado Parks and Wildlife. 
c. Received about 200 Gila spp. from the Yampa River in 2007 to hold and grow to 

identifiable size. These fish were roundtail chub and were released back into 
DNM as adults. 

d. Currently hold 12 fish species, including bonytail, roundtail chub, flannelmouth 
sucker, and bluehead sucker. 

5.  Wahweap Warmwater State Hatchery 

a. Located in Big Water, UT near Lake Powell, about 350 miles from the Deso/Gray 
population. 

b. Managed by Utah Division of Wildlife Resources. 
c. Currently used for grow out of bonytail, and holds redundant broodstock for 

razorback sucker. 
d. Facilities include 35 ponds, only 21 used for Recovery Program propagation. 
e. Can only be used for grow out purposes—there are not facilities for isolation or 

paired spawning. Could be used for voluntary pond spawning, which occurs 
readily with the bonytail currently on site. 

The degree and extent of involvement by these facilities will be better defined as the 
recommended sources of fish and strategies are further evaluated in more specific plans. 

Based on the experiences of reintroducing razorback sucker and bonytail into the upper basin, 
and razorback sucker and Colorado pikeminnow into the San Juan River, reintroducing 
humpback chub is likely to span a decade or more before a self-sustained population can become 
established. This will involve continued commitments by stakeholders interested in, and 
supportive of, this reintroduction plan. 
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6.2 Monitoring 

Monitoring of the humpback chub introduced into the upper basin will be necessary to assess the 
survival of the fish, and their growth and health. It will also be necessary to determine if the fish 
are spawning and to evaluate their reproductive success to determine if a new population is 
becoming established. A “Humpback Chub Reintroduction and Monitoring Plan” is 
recommended, as this document does not contain the details for monitoring. 

Most areas of the upper basin are currently monitored for either fish community composition, 
endangered fish population censuses, or nonnative fish management. In the case of the Yampa 
River, annual monitoring involves a single pass to assess relative abundance indices of native 
and nonnative species, as well as multiple passes to remove nonnative smallmouth bass (Smith 
2019). This program could be modified, as necessary, to evaluate introduction of humpback 
chub. Similar monitoring and nonnative fish management is conducted in the Green River within 
DNM (Bestgen et al. 2019), and could be modified, as necessary, to evaluate introductions. 

The Yampa River and the Green River within DNM were previously occupied by a population of 
humpback chub that became functionally extirpated in about 2007. Although the humpback chub 
is not present in the area, other native fishes with similar life history needs are abundant, and 
monitoring of water quality or the food supply is not considered essential to reintroduction. Of 
the two greatest threats to the humpback chub—nonnative fishes and low streamflow—the first 
is being minimized through ongoing nonnative fish management and the second is being 
managed through ongoing hydrology management and agreements. 

6.3 Criteria for Success 

The following criteria for success are identified to evaluate this humpback chub reintroduction 
program. These criteria are preliminary and should be further defined and described in a 
“Humpback Chub Reintroduction and Monitoring Plan.” Similar criteria were developed for a 
plan to translocate humpback chub to Havasu Creek, Grand Canyon National Park (Trammell et 
al. 2012). 

• Retention of translocated fish in reintroduction area for a minimum of one year,  

• Similar or higher survival relative to other populations (e.g., Deso/Gray, Westwater, 
Black Rocks),  

• Similar or increased growth rates relative to other populations,  

• Evidence of successful reproduction,  

• Measurable numbers of young (e.g., juveniles, subadults), 

• Evidence of recruitment, and 

• Evidence of an established population structure with self-sustainability. 
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6.4 Contingencies 

Reintroduction of humpback chub into the upper basin was determined as three steps; i.e., select 
reintroduction area, determine source population, and identify most suitable production strategy 
(see Figure 7). A fourth step is added for this contingency evaluation, that includes release of fish 
into the wild. Uncertainty is associated with each of these steps and the processes within each 
step. The degree of uncertainty increases with each step, and the number of contingencies also 
increases. The following contingencies or alternative actions are recommended for each step: 

1. DNM as the reintroduction area. 
a. An alternative reintroduction area is not identified in this document, although 

seven other prospective reintroduction areas are identified and discussed in 
Appendix A. 

b. If the DNM reintroduction area is not deemed suitable, the entire process of area 
selection, source population, and production strategy may need to be repeated. 

2. Deso/Gray as the source population. 
a. If sufficient numbers of humpback chub are not available, or cannot be captured, 

from Deso/Gray in the recommended time period (i.e., 4-5 years), the time for 
procuring fish would need to be extended. 

b. If humpback chub brought into captivity from Deso/Gray die after some time in 
the hatchery, they will need to be replaced to maintain the broodstock number of 
500, and additional fish will need to be removed from the wild. 

c. If the population of humpback chub in Deso/Gray is undergoing an apparent 
decline during the time of removal, it may be necessary to reduce the 
recommended numbers of fish removed, or to extend removal over more years. 

d. If the fish from Deso/Gray do not reproduce successfully, or their survival is poor 
in captivity, the entire process of area selection, source population, and production 
strategy may need to be redone. 

3. Paired matings and voluntary spawning of captive fish 
a. If paired matings or voluntary spawning are failing to produce sufficient numbers 

of quality fish for reintroduction, the hatchery strategy and protocol may need to 
be reevaluated. 

b. Survival of fish in the hatchery and in transport for release is expected to be high, 
but if survival of hatchery-produced fish is low, or if survival of transported fish 
is low, strategies and protocols will need to be reevaluated. 

c. If numbers of broodstock become low and difficult to augment with wild fish, it 
may be possible to use the progeny (F1) of the broodstock, given all applicable 
genetic considerations. 
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4. Release of fish into the wild 
a. If monitoring shows that released fish are having poor survival, either additional 

fish will need to be released, or the cause(s) will need to be investigated, 
determined, and mitigated. 

b. If monitoring shows poor reproductive success and recruitment, the cause(s) will 
need to be investigated, determined, and mitigated. 

c. If establishment of a self-sustained population is slower than expected (i.e., 15-20 
years), production and reintroduction strategies may need to be reassessed. 
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7.0 Compliance and Permitting 

The recommended source of humpback chub for this reintroduction is the Deso/Gray population, 
and the recommended reintroduction area is DNM. Desolation and Gray Canyons are on the 
Green River in the State of Utah, and in an area managed by the BLM. The Green River in 
Desolation Canyon forms the western boundary of the Uintah and Ouray reservation of the Ute 
Tribe. DNM encompasses the Green and Yampa rivers in the States of Colorado and Utah and is 
administered by the National Park Service. Fish from Deso/Gray may be transported to hatchery 
facilities in Utah or Colorado, or both for culture and subsequent release to the wild. Appropriate 
state, federal, and tribal permits will be needed to collect, transport, and release the fish. Federal 
permitting is also necessary because the humpback chub is a federally endangered species. 

The recommended production and stocking strategy is a wild broodstock for paired matings and 
voluntary spawning, which involves holding and culturing the fish, and will also require 
appropriate state and federal permits involving health inspection and culture. Appropriate 
permitting will also be needed to transfer and release the fish from the hatchery to the wild.  

Reintroduction of humpback chub into DNM will be done in compliance with all necessary laws, 
regulations, and policies for the release of animals. The conservation benefits of reintroduction 
actions will be weighed against the possible impacts to existing humpback chub populations, the 
DNM ecosystem, social values, and other considerations. Individuals removed from the wild and 
reared in captivity will be cared for to ensure that their removal from the wild produces a 
conservation benefit. Individuals will be released into the wild in a manner that reduces impacts 
to the ecosystem, including ensuring the introduced individuals are not a vector for disease or 
parasites. 

Some of the notable laws and regulations that will be considered, including a brief description of 
compliance considerations are described below. Specific compliance to these laws and 
regulations will be tailored to exact nature of the actions taking place and cannot be specifically 
described here. 

7.1 Endangered Species Act of 1973, as amended (ESA) 

The humpback is listed as an ‘endangered’ species on the Federal List of Endangered and 
Threatened Wildlife.  Therefore, it is protected by the ESA, including prohibitions of take under 
section 9.  An ESA section 10 (recovery) permit is held by the Upper Colorado River 
Endangered Fish Recovery Program that permits “take” for reintroduction purposes. 
Additionally, any federal agency implementing, permitting, or funding a project must comply 
with the consultation requirements under section 7 of the ESA. Because of federal involvement 
in any humpback chub reintroduction effort, consultation with the USFWS under section 7(a)(2) 
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of the ESA will be required. These provisions of the ESA provide adequate regulatory oversight 
for projects likely to jeopardize the continued existence or recovery of humpback chub. 

The USFWS published a Proposed Rule to Reclassify the Humpback Chub from endangered to 
threatened on January 22, 2020 (85 FR 3586). According to revised regulations implementing 
the ESA, the USFWS will determine what protective regulations are appropriate for species 
added to or reclassified on the lists of threatened species (84 FR 44753). That is, a newly 
classified threatened species does not receive all of the prohibitions on take that endangered 
species receive under section 9, but will instead receive species-specific regulations that are 
necessary and advisable to provide for the conservation of the species. In 85 FR 3586 the 
USFWS developed a species-specific 4(d) rule that is designed to address the humpback chub’s 
specific threats and conservation needs. Those regulations include take exemptions for actions 
that further the conservation of humpback chub, including, but not limited to: 

• Take resulting from creating and maintaining humpback chub refuge populations; and 

• Take resulting from expanding the range of the species, including translocating wild fish 
and stocking hatchery-reared fish; 

Under the 4(d) rule, take resulting from these activities would not be prohibited as long as 
reasonable care is practiced to minimize the effects of such taking. Reasonable care includes: 

• Limiting the impacts to humpback chub individuals and populations by complying with 
all applicable Federal, State, and tribal regulations for the activity in question;  

• Using methods and techniques that result in the least harm, injury, or death, as feasible; 
undertaking activities at the least impactful times and locations, as feasible; 

• Ensuring the number of individuals removed or sampled minimally impacts existing 
extant wild population; 

• Ensuring no disease or parasites are introduced into existing extant wild humpback chub 
populations; and  

• Preserving the genetic diversity of extant wild populations. 

The USFWS must approve in writing the designation of a refuge population, and any removal of 
individuals from wild populations. Subsequent to those approvals, under this 4(d) rule, the 
USFWS would no longer regulate the take associated with maintenance of that population. Take 
associated with refuge populations could include: 

• Harvest of wild individuals from extant populations;  

• Incidental take during the long-term care of individuals in captivity;  
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• Take related to disease, parasite, genetic assessment, and management of captive 
populations; and  

• Natural mortality of individuals existing in refuge populations. 

The 4(d) rule describes translocation and stocking of humpback chub excepted from take as any 
activity undertaken to expand the range of humpback chub or to supplement existing wild 
populations. Take from translocation could include harvest and movement of wild individuals 
from extant populations to new areas and subsequent mortality of fish in new locations. Any 
translocation program must be approved in writing by the USFWS.  Take from stocking 
programs could include: 

• Take during the long-term care of individuals in captivity;  

• Take related to disease, parasite, genetic assessment, and management of captive 
populations while they are in captivity; and  

• Take from stocking, including subsequent mortality of stocked individuals. 

Any harvest of wild fish to support a stocking program must comply with the conditions 
described above under Creation and Maintenance of Refuge Populations. Any stocking of 
humpback must follow best hatchery and fishery management practices as described in the 
American Fisheries Society’s Fish Hatchery Management (Wedemeyer 2002, entire) and be 
approved by the USFWS. Any stocking of individuals outside the six core populations must 
comply with State stocking regulations. 

7.2 National Environmental Policy Act (NEPA) 

DNM and the Intermountain Region (DOI Regions 6,7,8) Environmental Quality Division 
(EQD) will review this project report and assist with completion of the necessary environmental 
review documents. An Inter-Disciplinary Team (IDT) with NPS and other Subject Matter 
Experts will determine the appropriate level of NEPA. A Categorical Exclusion with 
documentation may be used for ‘non-controversial’ reintroductions of native species, unless 
there are additional complexities or extraordinary circumstances as defined in the NPS NEPA 
handbook (NPS 2015). If complexities or extraordinary circumstances are found to apply, an 
Environmental Assessment may be recommended. 

7.3 State Fish Health Certifications 

State of Utah. An import permit is required to import live aquatic animals or their eggs 
into Utah from any location outside the state. This permit is in addition to the Certificate of 
Registration (COR) obtained from the Utah Department of Natural Resources, Division of 
Wildlife Resources for operation of a culture facility. Import permits may be obtained by 
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contacting the Utah Department of Agriculture and Food (UDAF) Fish Health Program at (801) 
982-2246 and providing the following information: 

• The transfer of live fish into an intensive fish culture program greatly increases the risk of 
introducing pathogens into a site. Any such introduced pathogen has potential to affect 
resident fish species and can even result in the closure and depopulation of the culture 
facility. If fish come from out of state, the UDAF will need fish health testing results for 
import permitting. The receiving facility must have humpback chub on their current 
COR. 

• In order to bring live non-salmonid species, such as the humpback chub into a hatchery 
from a wild collection site, that collection site must have a minimum of two consecutive 
fish health certifications for target species and hold a current fish health certification. 

• It is preferable to have a full five years of inspection history when possible. Inspections 
must be carried out by a fish health inspector certified by the American Fisheries Society 
Fish Health Section (AFS/FHS). The fish health inspections for certification should be 
performed using methods described in the current version of the AFS/FHS Blue Book 
Inspection Manual (available at https://units.fisheries.org/fhs/fish-health-section-blue-
book-2016). Fish must be tested on specific cell lines for viruses, and cyprinid species 
must be tested for Asian tapeworm (Bothriocephalus acheilognathi). 

• Once fish are transported to the hatchery, they are held in isolation and a treatment 
regime is instituted. See example below for a possible treatment option: 

Hatchery Treatment Plan for Aquatic Invasive Species and Internal and External Parasites 

1. Fish are placed in an isolated holding area.   
• Administer salt treatments every day except days when fish are treated with 

Praziquantel (treatment for Asian tapeworm). 
o Salt treatments at 1,500 ppm daily 

• Day 1:  Hold fish to acclimatize – start salt treatments 
• Day 2:  Fish to be treated with Praziquantel  

o 2.5 mg/L for 24 hours 
• Day 5:  Fish to be treated with formalin.  

o 170 ppm/one hour  
• Day 13 or 14:  Fish to be treated with Praziquantel 

o 2.5 mg/L for 24 hours 

2. During this period, fish should be monitored closely by hatchery personnel for any signs 
of disease and for mortalities. The fish pathologist or other fish health personnel at the 
Fisheries Experimental Station (FES) should be notified immediately of any problems. 

https://units.fisheries.org/fhs/fish-health-section-blue-book-2016
https://units.fisheries.org/fhs/fish-health-section-blue-book-2016
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3. All water exiting from the holding/treatment area should be isolated to prevent any 
possible transport of water/pathogens to the existing hatchery ponds. 

4. Upon completion of the second Praziquantel treatment, a 60 fish sample should be sent to 
FES for inspection purposes. 

Follow-up Inspection Plan for Introduction of Fish into a Hatchery Compound 

1. Parasitology 
• The digestive tract of all fish will be grossly and microscopically examined for the 

presence of cestodes, trematodes, or nematodes. 

• Skin scrapings and gill imprints will be taken to identify the presence of any external 
parasites. 

2. Virology 
• Standard virus testing will be performed on the 60-fish sample using methods as 

described in the current version of the AFS/FHS Blue Book Inspection Manual.  

• Any indication of cytopathic effect will result in confirmatory testing using 
polymerase chain reaction. 

Upon completion of health testing, if the fish are apparently healthy, they can then be transferred 
to ponds within the hatchery. 

State of Colorado. An Aquatic Importation License is required for importing eggs or live 
fish into the state of Colorado. The application form for this license is available on the Colorado 
Parks and Wildlife (CPW) website, on the Special License Application page 
(https://cpw.state.co.us/aboutus/Pages/ SpecialWildlifeLicenses.aspx).  

Aquatic Importation License 

Prior to the importation of eggs or live fish into the state of Colorado, fish health and Aquatic 
Nuisance Species (ANS) inspections within the past 15 months shall be required. These 
inspections must be conducted by a qualified fish pathologist (as defined in Colorado Parks and 
Wildlife Regulations) or a representative under the direction of a qualified fish pathologist. 
Inspection documents will be reviewed by personnel of the CPW Aquatic Animal Health 
Program prior to approval.  

Fish health inspection reports, ANS inspection reports, and importation applications must be 
submitted to the Aquatic Animal Health Laboratory (AAHL) and Special Licensing Agent prior 
to authorization for importation of aquatic species. 

  

https://cpw.state.co.us/aboutus/Pages/%20SpecialWildlifeLicenses.aspx
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Disease inspection  

• Regulated pathogens (VHSV): All fish, both salmonid* and non-salmonid, must be 
inspected for Viral Hemorrhagic Septicemia Virus before being imported/exported from a 
fish production/rearing unit or a wild population in the State of Colorado (*Salmonids 
must also be inspected for other regulated and prohibited salmonid pathogens.) 

• Non-regulated pathogens: Testing for additional non-salmonid, non-regulated, and non-
prohibited pathogens may be required if (1) the pathogen is known to exist in the 
geographical area, or (2) there is any other reason to suspect its presence. The following 
are guidelines for viral pathogens and parasites: 

a) Viral pathogens: 1. Largemouth bass virus (LMBV). 2. Spring viremia of carp virus 
(SVCV).  

b) Parasites 1. Heterosporis (microsporidian) – Yellow perch disease 2. Bothriocephalus 
acheilognathi – Asian tapeworm.  Any state fish production facility/rearing unit that 
cultures fish in the families Cyprinidae (minnows and carp), Cyprinodontidae 
(killifish), and/or Catostomidae (suckers) should be inspected in August or September 
annually. To avoid lethal testing on threatened or endangered fish species, susceptible 
sentinel or surrogate fish in appropriate habitats that allow for completion of the 
cestode’s life cycle should be used.  The minimum sample size is 60 per water source 
equally distributed among lots. Infected lots will be handled on a case-by-case basis. 

Fish Health Certification Policy 

The above information is excerpted from Colorado’s Fish Health Certification Policy. The full 
policy is available from the AAHL. 
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Appendix A. Prospective Reintroduction Areas 

Eight prospective reintroduction areas were screened for humpback chub reintroduction in the 
Upper Colorado River Basin (upper basin; Figure A-1). Attributes used for screening are 
presented in Table A-1, and fish species found in each area are presented in Table A-2. A brief 
history of humpback chub collections is provided below for each area, except for Dinosaur 
National Monument, which was the selected area (see section 2.2 in Valdez et al. 2021). 
Conclusive evidence of species presence is not possible for some areas because of the absence or 
paucity of historical collections and the various nomenclature used historically for the three 
species of Colorado River Gila (Quartarone 1995); i.e., humpback chub (G. cypha), roundtail 
chub (G. robusta), and bonytail (G. elegans). Also, the humpback chub was not described as a 
species until 1946 (Miller 1946), and morphological distinctions among the three Gila species 
were not made until the late 1960s (Holden 1968; Holden and Stalnaker 1970). The following 
descriptions are not listed by priority, ranking, or any particular order: 

1. Little Snake River (“Little Snake River Canyon,” RM 8 to RM 6) 

The Little Snake River is a tributary of the Yampa River with its confluence in Lily Park. It is 
predominantly a sand-bed river not normally considered humpback chub habitat, but at about 
RM 8, the river enters a narrow, steep-walled, sandstone canyon about 2 miles long (Photo A-1). 
On May 25, 1988, seven “suspected” humpback 
chub were captured in this canyon of the Little 
Snake River (Wick et al. 1991). The fish 
possessed morphological characteristics 
normally associated with the humpback chub, 
and photographs examined by species experts 
confirmed that the specimens were similar to 
humpback chub found in other reaches of the 
upper basin; genetic analysis was not conducted 
on these fish. Wick et al. (1991) surmised that 
the suspected humpback chub found in the 
lower Little Snake River probably moved into 
the area during high spring flows from the 
adjacent Yampa River population that occupied 
Yampa Canyon and Cross Mountain Canyon, 
downstream and upstream, respectively, of the 
confluence at Lily Park. 

In 1995, Hawkins et al. (2001) captured four 
adult humpback chub in the Little Snake River, 
5.6 to 14.5 km upstream of the Yampa River 

Figure A-1. Locations of the eight prospective areas 
(black ovals) evaluated for reintroduction of 
humpback chub in the Upper Colorado River Basin. 
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during high flows in June and July. Two fish implanted with radio transmitters remained in the 
area until late July when they moved into the Yampa River, and 26 and 24 km downstream into 
Yampa Canyon. Possibly humpback chub are attempting to spawn in the Little Snake River, 
although no evidence of reproduction was found. Of significance was that 72% of the fish 
captured in the Little Snake River were native species. 

Flow of the Little Snake River can exceed 
5,000 cfs in spring, but can become 
intermittent in summer. Flow for this area 
appears to be low and, in some years, the 
only water is contained in pools within the 
“Little Snake River Canyon,” which 
results in stressful conditions and may 
cause the fish to leave the area. 
Temperature of the Little Snake River 
near Lily ranges from 0°C in winter to 
over 30°C in summer, which is higher 
than the temperature preferendum for humpback chub of 24°C (Bulkley et al. 1981). If a 
population of humpback chub is established in the Yampa River, fish from that population could 
move to the Little Snake River. 

2. Cross Mountain Canyon (RM 58 to RM 53) 

Cross Mountain Canyon is upstream of Lily Park on the Yampa River. A small number of 
humpback chub were reported from this canyon as a species range extension in the 1970's 
(Haynes 1980), but recent sampling in the vicinity of Cross Mountain has not yielded humpback 
chub (Hawkins et al. 2019). Cross Mountain Canyon is a canyon-confined reach of the Yampa 
River that extends for about 2.5 miles. The canyon is characterized as a rocky substrate with 
deep pools, habitat commonly associated with the humpback chub (Photo A-2). 

Flow of the Yampa River through Cross 
Mountain Canyon is less than flow of the 
lower Yampa River, and usually ranges 
from about 100 cfs to nearly 12,000 cfs. 
Cross Mountain Canyon is upstream of 
the inflow of the Little Snake River, and 
summer flow can get quite low and less 
than about 30 cfs. Water temperature in 
Cross Mountain is similar to that of the 
lower Yampa River, and ranges from 0°C 
in winter to about 25°C in summer. 

Photo A-1. Little Snake River, northwest of Maybell, CO. 

Photo A-2. Cross Mountain Canyon on the Yampa River. 



Appendix A. Prospective Reintroduction Areas  Final Report 
Reintroduction ad hoc Team  July 14, 2021 
 

A-3 
 

3. Debeque Canyon (Beavertail Mountain to Grand Valley Project Dam, RM 197 to 
RM 194) 

Debeque Canyon is located in the Upper Colorado River upstream of Grand Junction and about 
15 miles downstream from the town of Debeque, Colorado. This area is of interest because in 
1980, suspected humpback chub were found in a 3-mile reach from above Beavertail Mountain 
(RM 197) to the Grand Valley Project Dam (aka, Government Highline Dam, RM 194) (Valdez 
et al. 1982a). Specimens from the area were examined by R.R. Miller in 1981, who determined 
from morphological characteristics that the fish exhibited features “intermediate” between G. 
cypha and G. robusta. The area was resampled in the 1990s and a small number of these 
morphotypes were captured (Personal Communication, Bob Burdick, 1995, USFWS, Grand 
Junction, CO). 

The area occupied by these morphotypes is primarily on the outside bend of Beavertail Mountain 
along Interstate Highway 70; the highway has been relocated into a tunnel through Beavertail 
Mountain. The fish have been found along the large boulder riprap that lines abutment for the old 
highway. The fish are often found in deep pools and near large emergent midwater boulders 
(Photo A-3). 

Fish passage structures have been retrofitted on all three water diversion dams located 
downstream of Debeque Canyon, including the Grand Valley Irrigation Company Dam 
(nonselective, 1998), Grand Valley Water Users (selective, 2004), and Price-Stubb Dam 
(nonselective, 2008). Humpback chub have been captured recently moving upstream at these 
passage structures (Francis, 2019a), indicating that there is potential movement between the 
Black Rocks population and Debeque Canyon. Altogether, 11 humpback chub have passed 
through the fish passage structure at the Grand Valley Water Users (GVWU) dam (aka, 
Government Highline diversion dam) since it was constructed in 2004, and operated 13 of 15 
years (Francis 2019a). 

Flow of the Colorado River through 
Debeque Canyon ranges from about 1,500 
cfs to 25,000 cfs, but may drop below 
1,000 cfs in summer. Nevertheless, flow 
in this reach is reliable, although flow 
level likely affects habitat suitability. 
Water temperature at Cameo, CO, 
downstream of Debeque Canyon, ranges 

Photo A-3. Debeque Canyon of the Upper Colorado River. 
Note the rock talus on the left bank where the 
“intermediate” form of humpback chub and roundtail chub 
was captured. 

 

from 0°C in winter to about 25°C in 
summer.  
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4. Lower Cataract Canyon (Imperial Canyon to Dirty Devil River, RM 200 to RM 170) 

Humpback chub were first reported from Cataract Canyon in March of 1980 (Valdez et al. 
1982a). This population has been monitored periodically for nearly 40 years and small numbers 
of fish are regularly reported (Valdez 1990; Valdez and Williams 1993; Badame 2008; Ahrens 
2019). Three estimates of adult abundance are available for the Cataract Canyon population; 468 
in 2003, 273 in 2004, and 295 in 2005; estimates of catch-per-unit-effort (CPUE) indicate a 
present and persistent population (USFWS 2018). Sampling in 2019 yielded 17 unique adult 
humpback chub (Ahrens 2019). 

The Cataract Canyon population is the smallest self-sustained population in the Colorado River 
System. The majority of fish in this population are caught in a 12-mile reach between RM 212 
and RM 200. This population is believed to be the remnant of a larger population that extended 
the entire length of Cataract Canyon (41 miles), from below the confluence of the Green and 
Colorado rivers (RM 212) to the Dirty Devil River (RM 171; Valdez 1990). The lower end of 
Cataract Canyon was inundated by Lake Powell starting in the 1970s, and the reservoir reached a 
maximum elevation of 3,708 feet on July 14, 1983. Since that time, the reservoir elevation has 
dropped, exposing a deep layer of sediment that covers the historical river channel (Photo A-4). 
Since the 1990s, the river has eroded the sediment and continues to expose the river channel and 
the historic humpback chub habitat. 

The area from about Imperial Canyon (RM 200) downstream to about the Dirty Devil River (RM 
170) is habitat that is similar to the currently occupied habitat in the upper part of Cataract 
Canyon, and the historical habitat has become increasingly exposed with decreasing lake 
elevation, allowing for an extension of the Cataract Canyon population. 

  
Photo A-4. Large recirculating eddy below rapid 3 in Cataract Canyon (left) and near Clearwater Canyon in the Lake 
Powell inflow (right); note the sediment layer deposited by Lake Powell has been eroded and the historical rock 
channel is being exposed.  
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The humpback chub has never been translocated into the upper basin, but was introduced from 
hatchery stocks into Cataract Canyon in December of 1981 (Valdez 1990). A total of 7,600 
juvenile humpback chub were hatched and raised at the Willow Beach National Fish Hatchery 
and released in Cataract Canyon at 1½ years of age. These fish were hatched from eggs taken 
from wild fish injected with carp pituitary at Black Rocks in May 1980 (Valdés-Gonzalez 1980). 
Each released fish was marked with a coded wire nose tag, but fish caught in subsequent 
investigations have not been examined with a metal detector and the survival, fate, and eventual 
influence of these fish on the size and genetics of the Cataract Canyon population is unknown. 

Flow of the Colorado River through Cataract Canyon is the combined flow of the Colorado 
River and the Green River, and can range from less than 5,000 cfs to about 70,000 cfs. Habitat 
suitability varies with flow, although the expansive talus shoreline in Cataract Canyon provides 
persistent upslope habitat at varying flows (Valdez 1990). Temperature of the Colorado River 
near Cisco, UT (upstream of Cataract Canyon) ranges from 0°C in winter to about 25°C in 
summer. 

5. Lower Gunnison River (People’s Orchard to Redlands Diversion, RM 34 to RM 3) 

Humpback chub have never been reported from the Gunnison River (Valdez et al. 1982b; 
Burdick 2008; Elverud 2019). The lower Gunnison River is similar in geomorphology and 
hydrology to the Yampa River (Photo A-5), except that the former is regulated by mainstem 
dams upstream. The Gunnison River supports a large number of native fishes, including 
roundtail chub, flannelmouth sucker, bluehead sucker, and speckled dace; small numbers of 
Colorado pikeminnow and razorback sucker have also been captured in the river and at the 
Redlands fish passage (Francis 2019b). 

The Redlands selective fish passage was constructed in 1996 at the Redlands Water and Power 
Company Dam at RM 3. Two confirmed humpback chub have been recaptured at this facility: 
one in 2010 was previously tagged and moved upstream about 50 miles from Westwater Canyon, 
and a second untagged fish was captured 
in 2017 (USFWS 2018; Francis 2019b). 

Flow of the Gunnison River ranges from 
about 500 cfs to 13,000 cfs, and although 
flows in summer can get low, it usually 
has sufficient flow to maintain habitat 
suitability year-around. Temperature of the 
Gunnison River near Grand Junction, CO, 
ranges from 0°C in winter to about 25°C 
in summer. 

Photo A-5. Lower Gunnison River near People’s Orchard. 
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6. Dolores River (Paradox Valley to Red Canyon, RM 104 to RM 112) 

The Dolores River is a tributary of the Upper Colorado River with its confluence at RM 96.5, 
about 32.5 miles upstream from the Highway 163 bridge near Moab, UT. Flow of the Dolores 
River is regulated by McPhee Dam, and is augmented by the San Miguel River that enters at RM 
108 (river miles downstream of Bradfield Bridge), or about 63 miles upstream of the confluence 
with the Colorado River. 

Humpback chub have never been reported from the Dolores or San Miguel rivers (Sigler et al. 
1966; Holden and Stalnaker 1975; Valdez et al. 1982b, 1992; Walker et al. 2007; Kowalski et al. 
2010; Speas 2018). The area under consideration for humpback chub introduction is a river reach 
about 8 miles long from lower Paradox Valley (RM 104) downstream to Red Canyon (RM 112). 
This area includes the confluence of the San Miguel River, and is characterized by a narrow, 
steep-walled canyon with gravel, cobble, boulder substrate, and shorelines with large boulders 
and rock talus (Photos A-6 and A-7). Although humpback chub have never been reported from 
the Dolores River, the habitat appears suitable, but river discharge can become low in summer. 

The Uravan uranium mill site on the lower San Miguel River was identified as an EPA 
Superfund Site in 1989, and the tailings and operational facilities have been removed and water 
quality of the river restored (Sigler et al. 1966). This tributary provides a reliable source of water 
to the Dolores River, especially in late summer when flow is low and laden with salts from 
Paradox Valley. The habitat of the lower 3 miles of the San Miguel River also appears to be 
suitable for humpback chub and could provide for a population extension. 

The most recent fish survey of the Dolores River 
below the San Miguel confluence in 2009 
(Kowalski et al. 2019) shows a community 
numerically comprised of bluehead sucker 
(33%), flannelmouth sucker (33%), roundtail 
chub (14%), speckled dace (9%), channel catfish 
(8%), common carp (2%), red shiner (1%), and 
sand shiner (<1%). Between November 2013 
and October 2017, the Rio Mesa Center passive 
interrogation array (PIA; downstream of 
Gateway) detected 1,013 PIT-tagged fish, 
including 658 bonytail, 134 bluehead sucker, 74 
flannelmouth sucker, 30 razorback sucker, 26 
Colorado pikeminnow, 16 roundtail chub and 8 
flannelmouth/ razorback sucker hybrids, 
indicating considerable use by native fishes of 
the Dolores River. 

Photo A-6. Overview of the Dolores River below the 
confluence of the San Miguel River. 
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Flow of the Dolores River upstream of the 
San Miguel confluence is usually about 30 
cfs in summer and can exceed 1,000 cfs in 
spring. However, this reach can become 
nearly intermittent with high salinity in 
summer, and flow of the San Miguel helps 
to restore base flow in summer with 50 cfs 
or more of inflow. Endangered fish, 
including Colorado pikeminnow and 
razorback sucker, occupy mostly the 
lower reaches of the Dolores River where 
the hydrology is strongly controlled by the 
San Miguel River, which tends to obscure 
effects of the dam most of the time (Speas 2018).  

7. Moab Canyon (Onion Creek to Big Bend, RM 86 to RM 71) 

Moab Canyon is an area of the Upper Colorado River upstream of Moab, Utah. The canyon 
extends for about 15 miles from Onion Creek (RM 86) to Big Bend (RM 71). Despite the 
appearance of suitable habitat in this reach, the only humpback chub reported are two juveniles 
captured July 11, 1980 by Valdez et al. (1982a). Prior surveys by Taba et al. (1965) reported “10 
Bonytails” from this reach, but the authors acknowledged the unsettled classification of the Gila 
species at the time. More recent surveys of Moab Canyon have not yielded humpback chub 
(Francis 2019c). 

Moab Canyon is characterized by rocky talus shorelines with large boulders and mostly rock 
substrate, typical of humpback chub habitat (Photo A-8). Moab Canyon is located about 30 miles 
downstream of the Westwater Canyon population of humpback chub, and about 75 miles 
upstream of the population in Cataract 
Canyon. This reach has consistent catches 
of walleye in recent years (Francis 2019c). 

Flow of the Colorado River through Moab 
Canyon ranges from about 2,000 cfs in 
summer to nearly 40,000 cfs in spring. 
The river channel in Moab Canyon is lined 
with rock talus and large boulders and 
blocks of sandstone that provide up- and 
down-slope habitat through a range of 
flows. 

Photo A-7. Habitat of the Dolores River. 

Photo A-8. Colorado River in Moab Canyon, UT. 
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Table A-1. Attributes associated with prospective areas for reintroduction of humpback chub (HBC). 

Prospective Area 
Attributes 

Habitat Suitability Reliable/Adequate 
Stream Flow Nonnative Fish System Carrying 

Capacity Historical HBC occurrence  Role in Recovery 

1. Dinosaur National 
Monument  
• Yampa River [YR] 

Anderson Hole to 
confluence, and  

• Green River [GR] Echo 
Park to Split Mtn 

• YR physical habitat 
dynamic but unaltered. 

• GR habitat large, low 
temperatures above 
Yampa confluence 

• YR low summer flow 
could limit population as 
in 2002. 

• GR reliable flow 
controlled by Flaming 
Gorge Dam; cooled by 
dam releases 

• YR nonnative fish being 
controlled, including 
smallmouth bass, channel 
catfish 

• GR nonnative fish present, 
including smallmouth bass, 
northern pike 

• YR large numbers of 
roundtail chub, native 
suckers; fewer channel 
catfish, smallmouth 
bass 

• GR low overall numbers 
of fish 

• YR historic population 
functionally extirpated 

• GR several captured in last 
50 years; 13 captured in a 
two-year study (Finney 
2006) 

 

• High, most recent 
extirpated upper basin 
population 

• DNM population one of 
five in upper basin; likely 
a YR/GR complex 

2. Little Snake River (“Little 
Snake River Canyon,” RM 8 
to RM 6) 

• Unknown, in small 
canyon area 

• Low summer flow 
 

• Nonnative fish present 
 

• Small stream, probably 
low capacity 

• Unknown, small numbers 
recently reported (Wick et 
al. 1991) 

• Low, not viewed as key 
area for recovery 

3. Cross Mountain Canyon 
(RM 58 to RM 55) 

• Canyon-confined habitat • Low summer flow could 
limit habitat as in 2002 

 

• Nonnative fish present; 
control options limited by 
access; high numbers of 
smallmouth bass 

• Moderate numbers of 
roundtail chub, 
flannelmouth sucker, 
bluehead sucker  

• Several captured in last 30 
years 

 

• Moderate, could expand 
Yampa River population 

4. Debeque Canyon (Beavertail 
Bend, ~RM 195 to RM 200) 

• Habitat not extensive, 
confined to talus from 
highway and boulder 
clusters with deep pools 

• Reliable flow • Low numbers of nonnative 
fish 

• Moderate numbers of 
roundtail chub, 
flannelmouth sucker, 
bluehead sucker  

 

• Uncertain, small numbers 
collected in last 40 years; 
confirmed by R.R. M iller as 
G. cypha, 11 moved 
through nearby fish 
passage in last 15 years 

• Moderate, could add 
redundancy to upper 
Colorado River 

5. Lower Cataract Canyon 
(Imperial Canyon to Dark 
Canyon, RM 200 to RM 183) 

• Recently exposed 
historical habitat from 
lowered elevation of 
Lake Powell 

• Reliable flow • Warmwater species 
common; not being 
controlled, including 
walleye from Lake Powell 

• Rigorous rapids and 
currents probably limit 
capacity 

• Self-sustained population 
immediately upstream with 
possible expansion 

• Moderate to high, could 
help expand Cataract 
Canyon population 

6. Lower Gunnison River 
(People’s Orchard to 
Redlands Diversion, RM 34 
to RM 3) 

 

• Habitat of pools, riffles; 
similar to Yampa River 

 

• Reliable stream flow but 
low in summer 

 

• Low numbers of nonnative 
fish 

 
 
 

 

• Native fish dominate, 
high densities of 
roundtail chub, 
flannelmouth sucker, 
bluehead sucker 

• No historical occurrence of 
humpback chub, 2 moved 
up Redland Fish Ladder in 
2010 and 2017 

• Moderate to low, not 
viewed as essential 
recovery area 
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Prospective Area 
Attributes 

Habitat Suitability Reliable/Adequate 
Stream Flow Nonnative Fish System Carrying 

Capacity Historical HBC occurrence  Role in Recovery 

7. Dolores River (Paradox 
Valley to Red Canyon, RM 
104 to RM 112) 

 

• Habitat of pools, riffles; 
similar to Yampa River 

 

• Low but reliable flow 
controlled by McPhee 
Dam; low in summer 
with high salinity from 
Paradox Valley, but 
augmented by San 
Miguel River 

• Moderate numbers of 
nonnative fish, including 
channel catfish, common 
carp 

 

• Low to moderate 
densities of roundtail 
chub, flannelmouth 
sucker, bluehead sucker 

• No historical occurrence of 
humpback chub 

 

• Moderate to low, not 
viewed as essential 
recovery area 

8. Moab Canyon (Onion Creek 
to Big Bend, RM 86 to RM 
71) 

• Large river habitat with 
rocky channel, talus 
shorelines, deep pools 
and eddies. 

• Reliable flow • Warmwater nonnative fish 
species common, including 
walleye 

• Low to moderate 
densities of roundtail 
chub, flannelmouth 
sucker, bluehead sucker 

• Two juvenile humpback 
chub captured in 1980 

• Moderate to low, not 
viewed as essential 
recovery area 
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Table A-2. Fish species reported for each of the eight prospective reintroduction areas. Species present (X) or absent (--). 

Fish Species 

Prospective Reintroduction Areas 
Dinosaur National 

Monument Little Snake 
River 

Cross 
Mountain 
Canyon 

Debeque 
Canyon 

Lower 
Cataract 
Canyon 

Lower 
Gunnison 

River 

Dolores 
River 

Moab 
Canyon Yampa 

Canyon 
Green 
River 

Black Bullhead Ameiurus melas  ?  X --   X  -- X  -- X -- 
Black Crappie Pomoxis nigromaculatus X  --  --  --  -- X  -- -- -- 
Bluegill Lepomis macrochirus --  --  --  --  -- --  -- X -- 
Bluehead Sucker Catostomus discobolus X  X  X  X  X X   X X X 
Bonytail Gila elegans X X -- -- X X -- -- X 
Brassy Minnow Hybognathus hankinsoni -- -- -- -- -- X -- -- -- 
Brook Stickleback Culaea inconstans X X -- ? -- -- -- -- -- 
Brown Trout Salmo trutta  --  X  --  X  -- --   -- X -- 
Channel Catfish Ictalurus punctatus X  X  --  X  X X   -- X X 
Chub—unidentified Gila spp. -- X -- X X X -- -- X 
Colorado Pikeminnow Ptychocheilus lucius X X X X -- X X -- X 
Common Carp Cyprinus carpio  X  X  X  X  X X   X X X 
Creek Chub Semotilus atromaculatus X X -- X -- -- -- -- -- 
Cutthroat Trout Oncorhynchus clarkia utah  --  X  --  --  -- --   -- -- -- 
Fathead Minnow Pimephales promelas  --  X  X  --  X X   X X X 
Flannelmouth Sucker Catostomus latipinnis X  X  X  X  X X   X X X 
Gizzard Shad Dorosoma cepedianum  X  X  --  --  --  --  -- -- X 
Green Sunfish Lepomis cyanellus X  --  --  X  -- X  -- X -- 
Humpback Chub Gila cypha -- X X -- X X -- -- -- 
Iowa Darter Ethiostoma exile X X -- -- -- -- -- -- -- 
Largemouth Bass Micropterus salmoides  --  X  --  --  X X   -- X -- 
Mountain Whitefish Prosopium williamsoni -- X -- X -- -- -- -- -- 
Mosquitofish Gambusia affinis -- -- -- -- --  X -- -- -- 
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Fish Species 

Prospective Reintroduction Areas 
Dinosaur National 

Monument Little Snake 
River 

Cross 
Mountain 
Canyon 

Debeque 
Canyon 

Lower 
Cataract 
Canyon 

Lower 
Gunnison 

River 

Dolores 
River 

Moab 
Canyon Yampa 

Canyon 
Green 
River 

Mottled Sculpin Cottus bairdi  --  X  X  --  X --   X X -- 
Northern Pike Esox lucius X X X X X X X -- -- 
Plains Killifish Fundulus zebrinus  --  X  --  --  X X  -- X -- 
Rainbow Trout Oncorhynchus mykiss  --  --  --  X  X X   -- X -- 
Razorback Sucker Xyrauchen texanus -- X -- X X -- X -- X 
Red Shiner Cyprinella lutrensis  --  X  X  X  X X  X X X 
Redside Shiner Richardsonius balteatus X -- -- -- -- -- -- -- -- 
Roundtail Chub Gila robusta X  X  --  X  X  X  X X X 
Sand Shiner Notropis stramineus  --  X  --  --  X  X  -- X X 
Smallmouth Bass Micropterus dolomieu  X  X  --  X  X  --  X -- X 
Speckled Dace Rhinichthys osculus  X  X  X  X  X  X  X X X 
Striped Bass Morone saxatilis -- -- -- -- -- X -- -- -- 
Threadfin Shad Dorosoma petenense -- -- -- -- -- X -- -- -- 
Walleye Sander vitreus  X  X  --  --  -- X   X -- X 
White Sucker Catostomus commersonii X  X  --  X  X X   X X X 
Yellow Perch Perca flavescens  --  -X  --  --  --  --  -- -- X 
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Appendix B. An Individual-Based Model to Estimate the Numbers of Fish Needed to 
Establish a Population of Humpback Chub in Dinosaur National Monument 
 
B-1. Introduction 

The Humpback Chub Reintroduction ad hoc Team (Team) was formed at the request of the 
Biology Committee of the Upper Colorado River Recovery Program (UCRRP) in July 2017, for 
the purpose of exploring the feasibility and strategies for establishing a population of humpback 
chub in the Upper Colorado River Basin (upper basin). A white paper was developed that 
recommends the reintroduction area, source population of fish, and production and stocking 
strategy (Valdez et al. 2021). 

The Team arrived at three recommendations: 

1. Dinosaur National Monument (DNM) is the most suitable area for reintroduction because 
it recently supported a population of humpback chub, the physical habitat is unaltered, 
and nonnative fish management is in place to suppress the threats of predation and 
competition. Bringing fish into this area is necessary, as the probability of natural 
demographic rescue from immigrating fish of other populations is low. 

2. The Desolation/Gray Canyons (Deso/Gray) population is the most appropriate source of 
humpback chub for a DNM reintroduction because it is located in the same river basin, is 
the closest population to DNM, and it has sufficient numbers of fish to support this effort. 
Fish released in DNM and emigrating downstream would not harm the genetic integrity 
of the species because it would return to its genetic origin, augmenting the Deso/Gray 
population and GMU. A drawback of this population, though not unique among 
humpback chub populations, is the remote location that will require substantial logistics 
to capture and transport the wild fish to a hatchery facility. 

3. The most viable production and stocking strategy is to take fish from the wild (i.e., 
Deso/Gray) to develop a broodstock for paired matings, together with voluntary 
spawning of fish in hatchery ponds. The progeny of these fish would be raised to taggable 
size and released into DNM, and some may be used to augment the broodstock. 

This document addresses the following information needs: 

1. How many fish of specific age classes can be removed from Deso/Gray to meet 
production needs without causing negative demographic impact to the population, and 

2. How many fish of specific age classes are needed to be stocked in order to successfully 
establish a population in DNM? 
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B-2. Approach 

The Team deliberated during several meetings to arrive at the previous three recommendations.  
Underlying many discussions was the question of how many fish would be needed for a 
successful reintroduction. The suggestion was made to evaluate a population viability analysis 
(PVA) model that was previously developed for a similar application in the Grand Canyon (Pine 
et al. 2013), and to determine if the model could be applied to the upper basin. The model has 
been used since 2008 to determine the numbers of humpback chub that can be removed, without 
causing negative demographic impact, from the Little Colorado River (LCR) and translocated to 
establish populations in other tributaries in the Grand Canyon, including Shinumo Creek (Healy 
and Schelly 2019), Havasu Creek (Healy et al. 2019), Bright Angel Creek (National Park Service 
2018), and the upper LCR (Spurgeon. 2012; Stone 2018). 

The PVA model is an individual-based model that can be used for population viability analysis 
of the humpback chub. The model was parameterized and demonstrated in a 3-day workshop, 
July 6-8, 2011, to determine the numbers of fish of different ages that could be removed from the 
LCR, as well as the numbers needed to approximate the estimated carrying capacities of select 
Grand Canyon tributaries (Pine et al. 2011). A full description of the model and the model 
parameters are provided in Pine et al. (2013). 

Preliminary model runs were performed for upper basin populations with the Grand Canyon 
parameters, and the output for various levels of fish removal and stocking were deemed 
reasonable by the Team so as to proceed with a more in-depth analysis using parameters for the 
Deso/Gray and Yampa populations. The Team determined that the PVA model would be a useful 
tool for helping to understand the numbers of fish that can be removed from the Deso/Gray 
population and the numbers necessary to establish a population in DNM. 

B-3. Numbers of Fish Needed for Production 

The numbers of humpback chub needed are determined by the selected production strategy.  The 
selected strategy is the development of a broodstock of wild fish to be used in 25 x 25 paired 
matings.  An augmenting or alternative strategy is voluntary spawning of wild fish (i.e., 
broodstock) in outdoor hatchery ponds. It is estimated that either strategy would require about 
500 adults (i.e., 250 females and 250 males). At this time, we propose to remove only enough 
wild fish from Deso/Gray to support a hatchery broodstock of ~500 adults, as the same fish may 
be used interchangeably in the two production strategies. This broodstock may be replenished 
periodically as some level of fish mortality is expected in the hatchery. 

The number of 500 adults is guided by the 50/500 rule, which was proposed by Franklin (1980) 
as a guiding principle in conservation genetics for assessing minimum viable population size 
(MVP). Franklin proposed that the genetic effective population (Ne) in the short term should be 
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≥50 to minimize inbreeding, and in the long term should be ≥500 to reduce genetic drift.  For 
paired matings, 50 fish (25 females and 25 males) would be selected from the 500 fish for an Ne 
of 50, which is considered necessary to maintain genetic inbreeding at <5%. A detailed plan may 
be developed by hatchery personnel that includes a specific breeding matrix tailored to maximize 
diversity, such as removing fish annually from selection once they are used, and assigning paired 
matings based on degree of relatedness to more proactively avoid inbreeding. 

B-4. How Many Fish Can Be Removed from Deso/Gray? 

B-4.1. Numbers and Sizes of Fish Available 

Based on sampling for abundance estimates since 2001, the number of humpback chub that can 
expect to be captured in Deso/Gray in a given year is variable, depending on time of year, 
sampling location, water conditions (e.g., flow, turbidity, temperature), and the overall size of the 
population for that year. The estimated abundances of humpback chub in the Deso/Gray 
population for 2006, 2007, 2010, 2014, and 2015 (see Table 1 in Valdez et al. 2021; estimates for 
2018 and 2019 are preliminary and were not used) were used to establish a source population 
size that ranges from a low of 1,672 adults in 2015 to an average of 2,141 for all five estimates. 

The numbers of humpback chub captured in Deso/Gray and their length-frequency distributions 
for the seven most recent years of sampling show that about 97% of humpback chub captured 
have been adults (≥200 mm TL; Table B-1). Most fish have been captured with trammel nets 
(12” outer mesh, 1” inner mesh), and fewer with small-mesh hoop nets and electrofishing, which 
are capable of catching smaller fish. Hence, the majority of humpback chub captured for 
hatchery broodstock from Deso/Gray are expected to be adults, but small numbers of juveniles 
and subadults are also expected. Each captured fish will be genotyped to ensure that the genetic 
composition of the broodstock is known, and possibly to pair specific fish for mating. 

Table B-1. Numbers of humpback chub by age class captured in each of the most recent seven years of sampling 
the Deso/Gray population, based on length-frequency histograms presented in the cited reports. 

Year Juveniles 
   

Subadults 
   

Adults 
   

Totals 
2006a 0 10 106 116 
2007a 1 0 216 217 
2010a 4 0 69 73 
2014b 0 1 98 99 
2015c 3 1 63 67 
2018d 4 2 123 129 
2019d 0 2 124 126 
Totals: 12 16 799 827 

Percentage 1% 2% 97% 100% 
aBadame (2010) 
bHoward (2014) 
cHoward (2015 
dCaldwell (2019) 
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B-4.2. Modeling Scenarios, Parameters, and Settings 

We used the PVA model to evaluate the effect of removing a total of 500 humpback chub of 
different sizes over periods of 1 to 5 years on the Deso/Gray population. We began by using two 
estimates of adult population size for Deso/Gray, and two estimates of adult survival to produce 
the following four modeling scenarios: 

1. Low population size of 1,670 adults with adult survival of 0.87, 

2. Low population size of 1,670 adults with adult survival of 0.61, 

3. Average population size of 2,140 adults with adult survival of 0.87, and 

4. Average population size of 2,140 adults with adult survival of 0.61. 

The parameters for each model scenario are presented in Table B-2, and an example display of 
the model is shown in Figure B-1. The low population size of 1,670 is based on the lowest 
estimate of abundance for the Deso/Gray population, taken in 2015. The average population size 
of 2,140 is based on the average of five annual estimates (2006, 2007, 2010, 2014, and 2015).  

The adult survival of 0.87 is based on the estimate by Coggins and Walters (2009) for the Grand 
Canyon LCR population of humpback chub, and the survival of 0.61 is based on a preliminary 
estimate for the Deso/Gray population (Preliminary—Do Not Distribute; computed from 
unpublished data, John Caldwell, Utah Division of Wildlife Resources, Salt Lake City, UT, July 
2020). Estimates of adult survival for other upper basin populations (i.e., Black Rocks and 
Westwater Canyon) are within the bounds of these two estimates, demonstrating that a high of 
0.87 and a low of 0.61 is a reasonable range of survival for this modeling effort. Mean adult 
survival in Westwater Canyon is 0.75 (Hines et al. 2020) and is 0.82 in Black Rocks (Francis et 
al. 2020a). 

In all four scenarios, the population trajectory for 100 years was stabilized so that overall lambda 
was ~1.00. This was done to avoid confounding an apparent decline in the base model with 
declines in the runs that remove fish for 1-5 consecutive years. A total of 1,000 trials 
(simulations) were done for each model run, and the mean number of adults by year was plotted 
in time series for 30 years. A total of 500 humpback chub were removed from the simulated 
Deso/Gray population as juveniles, subadults, or adults for each model run. Removal occurred as 
all 500 fish in one year, 250 fish in each of two years, 167 fish in each of three years, 125 fish in 
each of four years, or 100 fish in each of five years. Model runs included a single size of fish 
(i.e., juvenile, subadult, or adults), and no runs were done with a mixture of sizes. No 
compensation was made for mortality of captured fish, or for the need to adjust numbers to 
achieve an even sex ratio. To avoid significant differences in modeling results, the model should 
be rerun if the total number of fish removed exceeds ~5% of the 500 fish target.  
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Table B-2. Model parameters and settings for removing humpback chub from the Deso/Gray population under four 
scenarios. 

Model Parameter 
Scenario 1 

(1,670 
adults, 

S = 0.87) 

Scenario 2 
(1,670 
adults, 

S = 0.61) 

Scenario 3 
(2,140 
adults, 

S = 0.87) 

Scenario 4 
(2,140 
adults, 

S = 0.61) 
Natural age 1+ total population size (carrying 
capacity) 4200 4600 5100 5900 

Current (initial) age 1+ total population 3770 4400 4800 5675 
Recruitment compensation ratio 2 2 2 2 
Annual survival rate of age 1+ fish 0.87 0.61 0.87 0.61 
Ratio of length at maturity to max length 0.5 0.5 0.5 0.5 
Fecundity per unit relative weight 600 600 600 600 
Female spawning interval (years) 1 1 1 1 
St. dev. lognormal age 0 survival 0.2 0.2 0.2 0.2 
Relative survival rate for age 1-2 fish (percent of 
annual survival rate of age 1+ fish) 0.46 0.46 0.46 0.46 

Relative survival rate for age 2-3 fish (percent of 
annual survival rate of age 1+ fish) 0.75 0.75 0.75 0.75 

Proportion of age 1 fish eaten by predators 0 0 0 0 
CV of annual survival rate of 1+ fish 0.06 0.06 0.06 0.06 
Relative survival rate of age 1+ fish in future yearsa 0.998 1.003 0.99998 1.0 
Number of years per simulation trial 100 100 100 100 
Number of simulation trials to run 1000 1000 1000 1000 

arelative survival rate was adjusted to stabilize the model at lambda ~1.00. 
 
 

 
Figure B-1. Example display of the PVA model with parameters set for Scenario 1 of Table B-2. 
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B-4.3. Results of Modeling Scenarios 

The results of the four modeling scenarios, as the numbers and sizes of humpback chub removed 
from the Deso/Gray population, are provided in Tables B-3 through B-6.  The time-series 
responses by the adult population for 30 years are illustrated in Figures B-2 through B-5.  These 
runs show greater variability in numbers of adults over time for the lower survival rate (0.61), 
but the fundamental responses for all four scenarios are similar.  The following summarizes the 
results of the 60 modeling runs (15 for each of the four model scenarios): 

1. Removing 500 adults in one year has the greatest negative demographic effect on the 
Deso/Gray population, with less effect in removing subadults, and the least effect in 
removing juveniles. 

2. It takes about 15 years for the Deso/Gray population to stabilize after adults are removed, 
about 10 years after subadults are removed, and 5-7 years after juveniles are removed. 

3. Removing larger numbers of adults annually for 1 or 2 years is not recommended as it 
depresses population numbers more dramatically, and for a longer time than removing 
smaller numbers of adults annually for 4-5 years. Removing smaller numbers of adults 
annually may also maximize genetic diversity by increasing the chances of selecting fish 
of different year classes. 

4. At lower population size (i.e., 1,640) and higher survival (0.87), removing adults causes 
greater future uncertainty in population size, less with subadults, and least with juveniles. 

5. All removal scenarios show that the Deso/Gray population will likely recover from 
removal and not lead to long-term reduction, but the effect of removal will likely depress 
the population size for up to 15 years, depending on the number and size of fish removed 
annually, and on the ongoing environmental conditions (e.g., river discharge, nonnative 
predators) that affect population size. 

B-4.4. Recommended Fish Removal Strategy 

An examination of the modeling runs for all four scenarios reveals a greater negative 
demographic response by the Deso/Gray population to removing all 500 adults in one year, and 
the least negative demographic response to removing 100 juveniles in each of five consecutive 
years.  The numbers of juveniles and subadults needed to meet these removal targets are not 
likely to be captured in Deso/Gray.  However, capturing about 100 adults per year appears 
feasible, based on past collections, and it is also feasible that a small number of juveniles and 
subadults will be available to offset the numbers of adults removed (see Table B-1). 

Based on this information, two fundamental removal strategies are recommended: 

1. Remove a maximum of 100 adults per year for five consecutive years, or fewer fish over 
a longer time series, depending on the availability of fish. 

2. Intermix available juveniles and subadults to offset the total number of adults removed 
annually. 
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Table B-3. Numbers (percent) of humpback chub by age class removed for consecutive years from a low Deso/Gray 
population of 1,670 adults with adult survival of 0.87 (see Figure B-2). 

Consecutive Years Juveniles 
(40-149 mm TL) 

Subadults 
(150-199 mm TL) 

Adults 
(200+ mm TL) 

1 500 (8.9%) 500 (17.5%) 500 (31.1%) 
2 250 (4.5%) 250 (8.9%) 250 (15.2%) 
3 167 (3.0%) 167 (6.0%) 167 (10.2%) 
4 125 (2.2%) 125 (4.4%) 125 (7.8%) 
5 100 (1.8%) 100 (6336) 100 (6.3%) 

 
Table B-4. Numbers (percent) of humpback chub by age class removed for consecutive years from a low Deso/Gray 
population of 1,670 adults with adult survival of 0.61 (see Figure B-3). 

Consecutive Years Juveniles 
(40-149 mm TL) 

Subadults 
(150-199 mm TL) 

Adults 
(200+ mm TL) 

1 500 (4.8%) 500 (8.7%) 500 (13.7%) 
2 250 (2.4%) 250 (4.3%) 250 (6.8%) 
3 167 (1.6%) 167 (2.9%) 167 (4.5%) 
4 125 (1.2%) 125 (2.2%) 125 (3.4%) 
5 100 (1.0%) 100 (1.8%) 100 (2.8%) 

 

Table B-5. Numbers (percent) of humpback chub by age class removed for consecutive years from average 
Deso/Gray population of 2,140 adults with adult survival of 0.87 (see Figure B-4). 

Consecutive Years Juveniles 
(40-149 mm TL) 

Subadults 
(150-199 mm TL) 

Adults 
(200+ mm TL) 

1 500 (6.7%) 500 (13.3%) 500 (23.2%) 
2 250 (3.4%) 250 (6.7%) 250 (11.8%) 
3 167 (2.3%) 167 (4.5%) 167 (7.7%) 
4 125 (1.7%) 125 (3.4%) 125 (5.8%) 
5 100 (1.4%) 100 (2.7%) 100 (4.6%) 

 
Table B-6. Numbers (percent) of humpback chub by age class removed for consecutive years from average 
Deso/Gray population of 2,140 adults with adult survival of 0.61 (see Figure B-5). 

Consecutive Years Juveniles 
(40-149 mm TL) 

Subadults 
(150-199 mm TL) 

Adults 
(200+ mm TL) 

1 500 (3.8%) 500 (6.7%) 500 (10.5%) 
2 250 (1.9%) 250 (3.4%) 250 (5.3%) 
3 167 (1.3%) 167 (2.3%) 167 (3.5%) 
4 125 (1.0%) 125 (1.7%) 125 (2.7%) 
5 100 (0.8%) 100 (1.4%) 100 (2.1%) 
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Figure B-2. Effect of removing 500 humpback chub as juveniles, subadults, or adults for 1-5 consecutive years on a 
simulated low Deso/Gray population of 1,670 adults (S = 0.87). Each scenario is based on 1,000 simulations.  
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Figure B-3. Effect of removing 500 humpback chub as juveniles, subadults, or adults for 1-5 consecutive years on a 
simulated Deso/Gray population of 1,670 adults (S = 0.61). Each scenario is based on 1,000 simulations. 
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Figure B-4. Effect of removing 500 humpback chub as juveniles, subadults, or adults for 1-5 consecutive years on a 
simulated average Deso/Gray population of 2,140 adults (S = 0.87). Each scenario is based on 1,000 simulations.  
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Figure B-5. Effect of removing 500 humpback chub as juveniles, subadults, or adults for 1-5 consecutive years on a 
simulated average Deso/Gray population of 2,140 adults (S = 0.61). Each scenario is based on 1,000 simulations.  
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B-5. How Many Fish are Needed for Stocking DNM? 

B-5.1. Historical Numbers and Densities of Humpback Chub 

The numbers of fish needed for stocking the Yampa River is guided by the historical distribution 
and the most recent estimates of adult abundance.  Karp and Tyus (1990) determined that 85% of 
all humpback chub captured historically in the Yampa River were from the upper 44.8 km of 
Yampa Canyon, from Deerlodge (RK 74) to below Mathers Hole (RK 29).  The last estimate of 
600 adults (Nesler 2000) was for fish distributed in about 18.5 km, from below Big Joe (RK 37) 
to Castle Park (RK 18.5) (Finney 2006).  Assuming an even distribution of fish, the estimate of 
600 adults for 18.5 km is expanded to 1,440 adults for 45 km to approximate historical numbers.  
Although this range of adult numbers is probably below carrying capacity, we use the range of 
600-1,440 as the achievable population size for adult humpback chub in the Yampa River. 

An estimated 1,440 adults over 45 km equals about 32 adults/km, which is lower than observed 
in other upper basin populations that range 172-688 adults/km (mean = 306 adults/km; Table B-
7).  Because river discharge differs among populations, we used base flow as a surrogate for 
habitat to see if these estimates were comparable.  Mean monthly base flow (i.e., September) for 
the last 30 years is about 3,090 cfs (USGS 09180500 Colorado River near Cisco, UT) for Black 
Rocks and Westwater Canyon; 1,920 cfs (USGS 09261000 Green River near Jensen, UT) for 
Desolation/Gray Canyons; and 308 cfs (USGS 09260050, Yampa River at Deerlodge Park, CO) 
for the Yampa River.  Discharge in the three upper basin populations is 6-10 times greater than 
the Yampa River, which translates to a comparable adult density of 192-320 adults/km (32 x 6 or 
10), giving us confidence in 600-1,440 adults as a range of achievable adult population size. 

Table B-7. Estimated abundance and density (number of fish per kilometer) of adult humpback chub in three 
populations of the Upper Colorado River Basin. 

Year Black Rocks (1.4 km)a Westwater (4.8 km)b Deso/Gray (6.0 mi, 9.7 km)c 
Abundance No./km Abundance No./km Abundance No./km 

2006 -- -- -- -- 2,856 294 
2007 283 202 1,212 253 1,794 185 
2008 395 282 1,139 237 -- -- 
2010 -- -- -- -- 2,520 260 
2011 379 271 1,467 306 -- -- 
2012 404 289 1,315 274 -- -- 
2014 -- -- -- -- 1,863 192 
2015 -- -- -- -- 1,672 172 
2016 358 256 3,301 688 -- -- 
2017 510 364 3,290 685 -- -- 

aBlack Rocks (RM 136.2) to Moore Canyon (RM 135.3) = 0.9 mi (1.4 km) (Francis et al. 2020a, 2020b). 
bMiners Cabin (RM 124) to Hades (RM 119.2) = 4.8 mi (4.8 km) (Hines et al. 2020). 
cExtrapolated for twelve 0.5-mile sites, Cedar Ridge to Coal Creek = 6.0 mi (9.7 km) (Howard and Caldwell 2018). 
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B-5.2. Modeling Scenarios, Parameters, and Settings 

We used the PVA model to estimate the numbers of fish needed for stocking to reach a range of 
achievable adult population sizes of humpback chub in the Yampa River.  We used two estimates 
of achievable adult population size, and two estimates of adult survival to produce the following 
four modeling scenarios: 

1. Population with 600 adults and adult survival of 0.87, 

2. Population with 600 adults and adult survival of 0.61, 

3. Population with 1,440 adults and adult survival of 0.87, and 

4. Population with 1,440 adults and adult survival of 0.61. 

The achievable adult population size is based on historical abundance estimates that ranged from 
600 to 1,440 adults, as describe above in section B-5.1.  The adult survival of 0.87 and 0.61 are 
the same as described previously in section B-4.2.  The model settings for the Yampa River were 
the same as shown in the four modeling scenarios in Table B-2, except for: (1) natural age 1+ 
was set at 1500, 1680, 3560, and 4000, respectively, for the four scenarios in this section, (2) 
current age 1+ population was set at 1 for all scenarios to represent an extirpated population, and 
(3) relative survival was set at 1.0 to allow the model to reflect the specified age 1+ survival of 
0.87 or 0.61.  The numbers of fish stocked by age class and years were specified at the bottom of 
the model as displayed in Figure B-1.  This analysis was done for the Yampa River, and may be 
repeated for the Green River through DNM if the Team believes that the achievable population 
size and the indicated numbers of stocked fish are different. 

B-5.3. Stocking Rates and Achievable Population Sizes 

The numbers of humpback chub stocked by age class for consecutive years to achieve 
populations of 600 or 1,440 adults in the Yampa River are shown in Tables B-8 and B-9, for 
adult survival rates of 0.87 and 0.61.  These stocking rates are the estimated numbers of fish 
stocked annually that are necessary to reach the achievable target adult population sizes.  Hence, 
stocking 34,000 juveniles in one year is equivalent to stocking 6,200 juveniles in each of five 
years, and either should result in a population size with about 600 adults (adult S = 0.87).  Or, 
stocking 9,000 adults in one year is equivalent to stocking 1,800 adults for each of five years, 
with either scenario resulting in a population with 600 adults.  Size classes were not mixed in 
modeling runs.  The time scale for achieving population sizes is described in section B-5.4. 

The numbers of fish stocked for five consecutive years are shown in Tables B-8 and B-9.  If 
additional stocking is necessary, the numbers of fish stocked for up to ten consecutive years are 
shown in Figure B-6.  After about five years, the numbers of fish that need to be stocked 
annually are not greatly increased, and the numbers provided in Tables B-8 and B-9 for five 
years can be used as a guide for additional stocking. 



Appendix B. An Individual-Based Model  Final Report 
Reintroduction ad hoc Team  July 14, 2021 
 

B-14 
 

Table B-8. Numbers of humpback chub stocked by age class for 1-5 consecutive years in the Yampa River to 
achieve a population with ~600 adults at adult survival (S) of 0.87 and 0.61. 

Consecutive 
Years 

Juveniles (40-150 mm TL) Subadults (150-200 mm 
 

Adults (200+ mm TL) 
S = 0.87 S = 0.61 S = 0.87 S = 0.61 S = 0.87 S = 0.61 

1 34,000 34,500 16,000 17,500 9,000 10,000 
2 17,000 17,250 8,000 8,750 4,500 5,000 
3 11,000 11,500 5,333 5,833 3,000 3,333 
4 7,800 8,600 4,000 4,375 2,250 2,500 
5 6,200 6,900 3,200 3,500 1,800 2,000 

 
Table B-9. Numbers of humpback chub stocked by age class for 1-5 consecutive years in the Yampa River to 
achieve a population with ~1,440 adults at adult survival (S) of 0.87 and 0.61. 

Consecutive 
Years 

Juveniles (40-150 mm TL) Subadults (150-200 mm 
T ) 

Adults (200+ mm TL) 
S = 0.87 S = 0.61 S = 0.87 S = 0.61 S = 0.87 S = 0.61 

1 87,000 88,000 39,000 39,500 22,300 22,700 
2 38,700 38,900 19,400 19,500 10,100 10,400 
3 25,000 25,300 12,500 12,550 7,300 7,400 
4 18,800 18,900 9,650 9,700 5,300 5,400 
5 14,400 14,500 7,500 7,700 4,300 4,400 

 

 
Figure B-6. Numbers of humpback chub stocked by age class for up to ten consecutive years in the Yampa River to 
achieve populations with ~600 and ~1,440 adults, at adult survival (S) of 0.87 and 0.61. See Tables B-8 and B-9 for 
numbers of fish stocked for 1-5 consecutive years. 
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B-5.4. Estimated Time to Achieve Target Population Sizes 

The modeled responses for the simulated population to stocking juveniles, subadults, or adults 
for five consecutive years are shown in Figure B-7 (represents only the 5th year shown in Tables 
B-8 and B-9). Because the model resets female age at maturity to 5 years at adult survival of 0.87 
and 2 years at adult survival of 0.61, the effect of stocking begins at years 5 and 2, respectively. 
The initial increase in numbers of adults reflects the numbers of fish stocked, the numbers 
augmented by natural reproduction, and the offsetting effect of the various survival settings in 
the model. The paired sets of runs for the two survival rates reach the same achievable 
population sizes of about 600 and 1,440 adults after about 20-25 years, which is about three 
generation times for the species; the humpback chub has an estimated generation time of about 8 
years (USFWS 2018). Figure B-7 only shows the effect of stocking for each of five consecutive 
years, although stocking could continue longer. A program to monitor the survival of stocked 
fish, evidence and magnitude of reproduction, and total population size will be necessary to 
determine the amount of stocking necessary. 

B-5.5. Recommended Stocking Strategy 

The numbers of humpback chub by age class available for stocking will depend on the success of 
the removal and production strategies, although the strategy of paired matings and voluntary 
spawning is expected to yield sufficient numbers of fish for stocking. All stocked fish should be 
marked with a PIT tag to support a monitoring program that can assess the success of the 
stocking strategy. The numbers of fish of a given size class produced by year will probably 
determine the numbers and sizes of fish than can actually be stocked. Prior knowledge will also 
guide the handling of the fish and the best time for stocking. A stocking plan should be 
developed that outlines the best practices for stocking of humpback chub into the wild. 

Based on the information gathered from this modeling exercise, the following stocking strategies 
are recommended: 

1. Establish a multi-year stocking program that releases the recommended numbers of fish 
for consecutive years to minimize the risk of poor environmental conditions or high 
mortality in a given year; at least five consecutive years of stocking juveniles, subadults, 
or adults, as identified in Tables B-8 and B-9 is recommended. 

2. Begin with the stocking rates for an achievable population of 600 adults (S = 0.61) to 
gauge and refine the stocking strategy, and possibly adjust the numbers of fish stocked if 
monitoring shows that the system can support a different number of humpback chub. 

3. Stock a mixture of available sizes of fish to determine which size yields the best survival, 
reproduction, and recruitment. 

4. Use the progeny of voluntary-spawned fish (if determined to be of sufficient genetic 
diversity) in addition to those of paired matings, although numbers of progeny from 
voluntary spawning may be limited in some years. 
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Figure B-7. Abundance over 30 years of adult humpback chub in the Yampa River following five consecutive years of 
stocking juveniles, subadults, and adults. Achievable adult population sizes of 600 and 1,440 at adult survival of 0.87 
and 0.61 are displayed. Each scenario is based on 1,000 simulations.
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