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SUMMARY OF KEY COMPONENTS FOR CONSERVATION OF THE 
STURGEON CHUB

Status

The sturgeon chub (Macrhybopsis gelida) is not a federally threatened or endangered species in the United 
States, but it was petitioned for listing in 1994 based on declines in its distribution. However, bottom trawling in deep, 
main channel habitats of the Missouri and Mississippi rivers indicated that sturgeon chub were more widespread and 
abundant than previously believed. Consequently, the U.S. Fish and Wildlife Service concluded in 2001 that listing 
of sturgeon chub was not warranted at that time. Within Region 2 of the USDA Forest Service, the sturgeon chub is 
considered a sensitive species. Sturgeon chub did not historically occur in Colorado, and it is not considered a state 
threatened, endangered, or sensitive species in Nebraska. However, the sturgeon chub is listed as a state threatened 
species in Kansas and South Dakota and a species of conservation concern in Wyoming. The sturgeon chub is present 
on the Buffalo Gap National Grassland in South Dakota, but it is absent from other lands managed by the Region 2 of 
the USDA Forest Service.

Primary Threats

The major threats to sturgeon chub involve habitat alterations associated with the development and operation of 
reservoirs on large rivers. These include conversion of riverine habitat to standing water habitat, reduction of turbidity, 
and fragmentation of once continuous rivers into small, free-fl owing reaches isolated from other such reaches by dams 
and reservoirs. Reduced turbidity in Great Plains rivers has resulted in replacement of fi shes tolerant of turbid waters, 
such as the sturgeon chub, with species characteristic of clearer waters that compete with and prey upon sturgeon chub. 
In many cases, these nonnative fi shes were stocked to develop sport fi sheries in newly created reservoirs. Dams cause 
a loss of connectivity in a drainage network that can exacerbate the loss of fi sh populations caused by drought, channel 
dewatering due to irrigation, or poor water quality. In systems with many impoundments, eggs and fry of riverine 
species such as sturgeon chub may be entrained in reservoirs where they encounter heavy predation.

Irrigation diversion structures are another potential threat to sturgeon chub populations because eggs and fry 
are entrained into the canals and subsequently die. Coalbed methane development in northeastern Wyoming and 
southeastern Montana poses a potential threat to sturgeon chub populations in the Powder and Tongue river basins 
because discharged water can have high salinity and toxic concentrations of trace elements.

Primary Conservation Elements, Management Implications and Considerations

The decline in sturgeon chub populations is largely associated with the loss of their habitat in fl uctuating, turbid, 
prairie rivers. The primary reason for the loss of habitat is reservoir construction. Management actions important for the 
conservation of sturgeon chub include restoring natural fl ow regimes with spring fl ood pulses to promote development 
of sandbar habitat, reconnecting side channel and fl oodplain habitats lost due to channelization, and restoring turbidity 
levels that favor sturgeon chub over nonnative predators and competitors. Given the diffi culties of removing existing 
dams, maintaining the remaining unimpounded reaches of turbid prairie rivers in a free-fl owing state should be a 
conservation priority. Preventing nonnative fi sheries establishment within these remaining unimpounded prairie river 
segments is important as well. Attention also needs to be given to maintaining fl ows in streams that were historically 
perennial. Perennial fl ows are threatened by extraction of groundwater for agricultural and municipal uses, especially 
in the Ogallala-High Plains aquifer. Conversely, potentially toxic water produced from coalbed methane production 
may need to be tested, stored, and/or treated in some manner.
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INTRODUCTION

This assessment is one of many being produced 
to support the Species Conservation Project for the 
Rocky Mountain Region (Region 2), USDA Forest 
Service (USFS). The sturgeon chub (Macrhybopsis 
gelida) is the focus of an assessment because it is 
considered a sensitive species in Region 2. Within the 
National Forest System, a sensitive species is a plant 
or animal whose population viability is identifi ed as a 
concern by a Regional Forester because of signifi cant 
current or predicted downward trends in abundance 
and/or in habitat capability that would reduce its 
distribution (FSM 2670.5 (19)). A sensitive species 
may require special management, so knowledge of 
its biology and ecology is critical. This assessment 
addresses the biology of sturgeon chub throughout its 
range in Region 2. This introduction defi nes the goal 
of the assessment, outlines its scope, and describes the 
process used in its production.

Goal

Species conservation assessments produced as 
part of the Species Conservation Project are designed 
to provide forest managers, research biologists, and 
the public a thorough discussion of the biology, 
ecology, conservation status, and management of 
certain species based on available scientifi c knowledge. 
The assessment goals limit the scope of the work to 
critical summaries of scientifi c knowledge, discussion 
of broad implications of that knowledge, and outlines 
of information needs. The assessment does not seek 
to develop specifi c management recommendations 
but provides the ecological background upon which 
management must be based. It also focuses on the 
consequences of changes in the environment that result 
from management (i.e. management implications). 
Furthermore, it cites management recommendations 
proposed elsewhere and, when these have been 
implemented, the assessment examines their success.

Scope

This assessment examines the biology, ecology, 
conservation status, and management of the sturgeon 
chub with specifi c reference to the geographic and 
ecological characteristics of the USFS Rocky Mountain 
Region (Figure 1). Although some of the literature on 
this species may originate from fi eld investigations 
outside the region, this document places that literature 
in the ecological and social context of the central 
Rockies. Similarly, this assessment is concerned with 
reproductive behavior, population dynamics, and 

other characteristics of sturgeon chub in the context 
of the current environment rather than under historical 
conditions. The evolutionary environment of the 
species is considered in conducting the synthesis but in 
a current context.

In producing the assessment, we reviewed 
refereed literature, non-refereed publications, research 
reports, and data accumulated by resource management 
agencies. Not all publications on sturgeon chub are 
referenced in the assessment, nor was all published 
material considered equally reliable. The assessment 
emphasizes refereed literature because this is the 
accepted standard in science. We chose to use some 
non-refereed literature in the assessments, however, 
when information was unavailable elsewhere. 
Unpublished data (e.g., Natural Heritage Program 
records) were important in estimating the geographic 
distribution. These data required special attention 
because of the diversity of persons and methods used in 
their collection. 

Treatment of Uncertainty

Science represents a rigorous, systematic 
approach to obtaining knowledge. Competing ideas 
regarding how the world works are measured against 
observations. However, because our descriptions of 
the world are always incomplete and our observations 
are limited, science focuses on approaches for dealing 
with uncertainty. A commonly accepted approach to 
science is based on a progression of critical experiments 
to develop strong inference (Platt 1964). However, it 
is diffi cult to conduct experiments that produce clean 
results in the ecological sciences. Often, we must rely 
on observations, inference, good thinking, and models 
to guide our understanding of ecological relations. 
In this assessment, we note the strength of evidence 
for particular ideas, and we describe alternative 
explanations where appropriate. 

Information about the biology of sturgeon chub 
was collected and summarized from throughout its 
geographic range, which extends from the upper 
portions of the Missouri River in Wyoming and 
Montana downstream into the Mississippi River below 
the confl uence with the Ohio River. In general, life 
history and ecological information collected in a portion 
of this range should apply broadly throughout the 
range. However, certain life history parameters (such as 
growth rate, longevity, spawning activity) could differ 
along environmental gradients, especially those related 
to the length of the growing season. Information about 
the conservation status was limited to Region 2 of the 
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Figure 1. National forests and grasslands within the Region 2 of the USDA Forest Service.

USFS and should not be taken to imply conservation 
status in other portions of the species’ range.

Application and Interpretation Limits 
of this Assessment

Information about the biology of sturgeon chub 
was collected and summarized from throughout the 
geographic range.  In general, life history and ecological 
information collected in a portion of the range should 
apply broadly throughout the range.  However, certain 
life history parameters (such as growth rate, longevity, 
spawning activity) could differ along environmental 
gradients, especially those related to length of growing 
season.  Information about the conservation status was 
limited to Region 2 of the United States Forest Service 
and should not be taken to imply conservation status in 
other portions of the species’ range.

Publication of Assessment on the World 
Wide Web

To facilitate their use in the Species Conservation 
Project, species assessments are being published on the 
Region 2 World Wide Web site (www.r2.fs.fed.us/rr/scp/
index.shtml). Placing the documents on the web makes 
them available to agency biologists and the public more 
rapidly than publishing them as reports. More important, 
it facilitates their revision, which will be accomplished 
based on guidelines established by Region 2.

Peer Review

Assessments developed for the Species 
Conservation Project have been peer reviewed prior to 
their release on the Web. Peer review for this assessment 
was administered by the American Fisheries Society, 
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employing at least two recognized experts for this or 
related taxa. Peer review was designed to improve the 
quality of communication and to increase the rigor of 
the assessment.

MANAGEMENT STATUS AND 
NATURAL HISTORY

Management Status
The sturgeon chub is not considered a federally 

threatened, endangered, or sensitive species in the 
United States (U.S. Fish and Wildlife Service; http://
endangered.fws.gov/) and has a Global Heritage Status 
Rank of G3 (vulnerable) from the Nature Conservancy 
(http://natureserve.org/explorer). However, due to 
recent Endangered Species Act petitions, the sturgeon 
chub has received considerable attention regarding 
possible listing as a federally endangered species. In 
1993, the U.S. Fish and Wildlife Service (USFWS) 
issued status reports for the sturgeon chub and the 
closely related sicklefi n chub (Macrhybopsis meeki). 
These reports indicated that the range and populations 
of both species had been substantially reduced (U.S. 
Fish and Wildlife Service 2001a). In June 1994, the 
USFWS received petitions to list both species as 
endangered throughout their ranges. Following several 
years of information collection and ongoing petitions to 
list the species, the USFWS issued an updated status 

review of sicklefi n chub and sturgeon chub (U.S. Fish 
and Wildlife Service 2001a) and a 12-month fi nding for 
a petition to list both species as endangered (U.S. Fish 
and Wildlife Service 2001b). Field studies conducted 
since the 1993 status report incorporated new sampling 
methods (bottom trawling) that allowed deep, main 
channel habitats of the Missouri and Mississippi rivers 
to be sampled. Sampling indicated that both species 
were more widespread and occurred in greater numbers 
than previously believed. As a result of this new 
information, the USFWS concluded on April 18, 2001 
that listing of either species was not warranted at that 
time (U.S. Fish and Wildlife Service 2001b).

Within Region 2 of the USFS, the sturgeon chub 
did not historically occur in Colorado, and it is not 
considered a state threatened, endangered, or sensitive 
species in Nebraska (Table 1). However, the sturgeon 
chub is listed as a state threatened species in Kansas 
and South Dakota. In Wyoming, the species has a 
Native Species Status of 1 (NSS1), which indicates 
that it is considered vulnerable to extirpation because 
populations are physically isolated and/or exist at 
extremely low densities and habitat is declining or 
vulnerable. The Natural Heritage Rank of the Nature 
Conservancy is critically imperiled (S1) or imperiled 
(S2) in the four states within Region 2 where the species 
historically occurred (Table 1).

Table 1. Occurrence and management status of sturgeon chub in the fi ve states comprising Region 2 of the USDA 
Forest Service.
State Occurrence State Status State Heritage Status Rank* References
Colorado Absent Not historically 

present
Not applicable Woodling (1985) Colorado Division of 

Wildlife, (wildlife.state.co.us)
Kansas Present Threatened S1 = Critically Imperiled Kansas Department of Wildlife and 

Parks, (www.kbs.ukans.edu)
Nebraska Present Not listed as 

Threatened or 
Endangered

S1 = Critically Imperiled Nebraska Game and Parks Commission, 
(www.ngpc.state.ne.us)

South Dakota Present Threatened S2 = Imperiled South Dakota Department of Game, 
Fish and Parks, (www.state.sd.us/gfp/
Diversity/index.htm)

Wyoming Present NSS1 = 
populations 
isolated and low 
density; habitats 
are declining or 
vulnerable

S1/S2 = Critically Imperiled/
Imperiled 

Wyoming Game and Fish Department, 
(gf.state.wy.us)

**State Heritage Status Rank is the status of sturgeon chub populations within states based on the conservation status ranking system developed 
by  NatureServe, The Nature Conservancy, and the Natural Heritage Network (www.natureserve.org). 
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Sturgeon chub are generally absent from lands 
managed by the Region 2 of the USFS. They are 
present on the Buffalo Gap National Grassland in South 
Dakota and the Thunder Basin National Grassland in 
Wyoming, where it is considered a sensitive species by 
the USFS. Its presence has been suggested on the Black 
Hills National Forest, but this has not been confi rmed. 
There is little information available about the status of 
sturgeon chub on lands administered by the Bureau of 
Land Management in Region 2 states. In Wyoming 
the sturgeon chub is not listed as a sensitive species 
by the BLM Wyoming State Director’s Offi ce. We 
were unable to obtain information for Bureau of Land 
Management lands in Nebraska or South Dakota, and in 
Kansas, the Bureau of Land Management manages only 
subsurface waters.

Existing Regulatory Mechanisms, 
Management Plans, and Conservation 

Strategies
Regulatory mechanisms regarding the harvest 

or possession of sturgeon chub vary among the four 
states within Region 2 of the USFS that historically 
had populations of this species. Sturgeon chub is not 
exploited as a gamefi sh, and given its usual occurrence 
in relatively deep, fast water habitat (current velocities 
typically in the range of 0.3 to 1.0 m/s [1 – 3.3 ft./s]), it 
is not likely to be collected often by anglers for use as 
bait. In Kansas and South Dakota, the sturgeon chub is 
considered to be a state threatened species, and thus it is 
illegal to collect this species for bait (Kansas Department 
of Wildlife and Parks, www.kdwp.state.ks.us; South 
Dakota Department of Game, Fish, and Parks, http:
//www.state.sd.us/gfp). Any specimens accidentally 
captured must be returned alive to the water from which 
they were taken. In Nebraska and Wyoming, harvest of 
sturgeon chub is regulated by the general regulations 
for baitfi sh harvest in that state. In Nebraska, a general 
fi shing license is required to collect baitfi sh for personal 
use with the bag and possession limits both set at 100 
fi sh. Additionally, baitfi sh cannot be collected from 
lakes or reservoirs, and a separate license is required for 
commercial baitfi sh collection. In Wyoming, a separate 
license (other than a general fi shing license) is required 
to collect baitfi sh and certain drainages are closed to 
baitfi sh collecting, but there is no limit to the number of 
baitfi sh that can be collected (Wyoming Game and Fish 
Department, http://gf.state.wy.us). These regulations 
appear to be adequate to prevent overexploitation of 
sturgeon chub.

We found no state management plans or 
conservation strategies that specifi cally target recovery 

of sturgeon chub within Region 2. At the federal 
level, a broad scale effort to mitigate fi sh and wildlife 
resources lost due to the construction and operation of 
the Missouri River Bank Stabilization and Navigation 
Project has the potential to create additional sandbar 
habitat in the Missouri River within the states of 
Missouri, Kansas, Iowa, and Nebraska (U.S. Fish and 
Wildlife Service 2001a). Preliminary monitoring in 
Nebraska and Missouri suggests an increase in sturgeon 
chubs at several mitigation sites where chute restoration 
has been undertaken. A biological opinion regarding 
operation of the Missouri River main stem system by 
the Army Corps of Engineers has the potential to benefi t 
sturgeon chub. The biological opinion was completed 
in November of 2000 by the USFWS and covered the 
pallid sturgeon (Scaphirynchus albus), a species that 
inhabits large turbid rivers and uses habitat similar 
to the sturgeon chub (U.S. Fish and Wildlife Service 
2000). The USFWS found that to avoid jeopardizing 
the continued existence of pallid sturgeon, restoration 
of a portion of suitable riverine habitat and hydrologic 
conditions on river segments between Fort Peck and 
the headwaters of Lake Sakakawea, and the river 
below Gavins Point Dam to the confl uence with the 
Mississippi River is necessary. Proposed changes 
include fl ow enhancement, temperature modifi cations, 
and habitat restoration in sections of the Missouri River. 
If these changes are implemented, the USFWS expects 
a benefi cial impact to the biota of the river, including 
native fi shes such as the sturgeon chub.

One reintroduction plan specifi c to sturgeon chub 
has been developed. In 1997, the USFWS began efforts 
to re-establish extirpated populations of the sturgeon 
chub in the Little Missouri River at the South Unit of 
Theodore Roosevelt National Park in North Dakota 
(U.S. Fish and Wildlife Service 2001a). A total of 
976 chubs captured in the lower Yellowstone River 
in Montana were released in the Little Missouri River 
during 1998, 1999, and 2000. However, test netting 
after the introductions yielded no sturgeon chubs, and 
the USFWS reported that this reintroduction effort did 
not appear to be successful.

Biology and Ecology 

Systematics and species description

The sturgeon chub (Macrhybopsis gelida) is 
in the class Osteichthyes, superorder Teleostei, order 
Cypriniformes, and family Cyprinidae (minnows). The 
species was fi rst described by Girard in 1856 who gave 
it the name Gobio gelidus based on specimens collected 
in the Milk River, Montana (Everman and Cox 1896). 
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In 1882, Jordan and Gilbert referred to the species as 
Ceratichthys gelidus, but in 1896 Jordan and Everman 
consolidated the genus Ceratichthys into Hybopsis 
(Werdon 1992). The sturgeon chub was placed in the 
subgenus Macrhybopsis by Cockerell and Allison in 
1909 (Werdon 1992). In 1920, Jordan elevated the 
subgenus Macrhybopsis to generic status and then 
changed the species name to gelida in 1930 (Werdon 
1992). Bailey’s (1951) merging of several genera of 
cyprinids into the genus Hybopsis included the return 
of sturgeon chub to the genus Hybopsis. Mayden (1989) 
restored the sturgeon chub to the genus Macrhybopsis, 
and the reclassifi cation has been supported by several 
workers (Coburn and Cavendar 1992, Dimmick 1993). 
The current designation of sturgeon chub is M. gelida 
(Robins et al. 1991).

The sturgeon chub is a small minnow with a 
slender, streamlined body and a small, inferior mouth 
with a conspicuous barbel at each corner (Baxter and 
Stone 1995, Cross and Collins 1995, Pfl ieger 1997). The 
eyes of sturgeon chub are small and positioned dorsally 
(Stewart 1981). The snout is slightly fl attened and long, 
extending noticeably beyond the upper lip. The sturgeon 
chub is fl attened ventrally and curved dorsally (Reigh 
and Elsen 1979, Stewart 1981). The dorsal fi n has eight 
rays, and its origin is closer to the tip of the snout than to 
the base of the caudal fi n (Baxter and Stone 1995, Cross 
and Collins 1995, Pfl ieger 1997). The caudal fi n is large 
and deeply forked. The pectoral fi ns are large and have 
compound taste buds in the fi rst two interradial spaces. 
The anal fi n has eight rays and also has compound taste 
buds in the fi rst two interradial spaces. In addition to 
the taste buds located on the fi ns, sturgeon chub have 
dense sensory papillae under their lower jaw and in the 
gular region (Werdon 1992). Sturgeon chub also have 
taste buds in their buccal cavity, but to a lesser extent 
(Moore 1950).

The number of scales in the lateral series has been 
reported as ranging from 37 to 46 (Werdon 1992). Other 
reports of the number of scales in the lateral series are 
similar, 39 to 46 and 40 to 45 (Gould 1997). Scales 
above the lateral line have low epidermal ridges or 
keels, which may not be apparent without magnifi cation 
(Stewart 1981, Cross and Collins 1995).

Adult sturgeon chubs are described as dusky or 
light brown dorsally with silvery sides and stomachs 
(Baxter and Stone 1995, Cross and Collins 1995, 
Pfl ieger 1997). Sturgeon chub have no distinctive 
markings, but specimens may be speckled. All fi ns are 
clear although the lower lobe of the caudal fi n is darker 
than the upper lobe. The lower margin of the ventral 

caudal lobe has a whitish color. Young of year have an 
external morphology identical to adults (Stewart 1981). 
Adult sturgeon chub are small, typically 43 to 64 mm 
(1.7 to 2.5 in.) in total length (Pfl ieger 1997). The largest 
specimen collected by Stewart (1981) was 96 mm (3.8 
in.) in length. Brown (1971) reported specimens up to 
100 mm (4 in.), and Dieterman et al. (1997) reported 
specimens up to 121 mm (4.7 in.) in the Missouri River. 
Sturgeon chub exhibit no sexual dimorphism even 
during the breeding season (Werdon 1992).

Sturgeon chub have several characteristics 
considered typical of fi sh associated with benthic, 
fast-water environments. These include a narrow 
streamlined shape, large fi ns, dorsally positioned eyes, 
a subterminal mouth, and an arched back and fl attened 
ventral surface (Stewart 1981). The unique epidermal 
ridges on the scales of sturgeon chub have been 
proposed to function as keels (Baxter and Stone 1995). 
The adaptation of sturgeon chub to high turbidity is 
evident by their reduced eyes, numerous cutaneous 
taste buds, and a brain morphology that indicates 
well developed chemosensory perception (Davis and 
Miller 1967).

Distribution and abundance

Sturgeon chubs occur in the mainstem of the 
Yellowstone, Missouri and Mississippi rivers in the 
central portion of the United States, primarily in the 
states of Montana, Wyoming, North Dakota, South 
Dakota, Nebraska, Iowa, Kansas, Illinois, Kentucky, 
and Missouri (Figure 2). In addition, sturgeon chubs 
are found in a number of tributaries of the Yellowstone 
and Missouri rivers (Table 2). A summary of the 
historic and current distribution of sturgeon chub 
throughout their geographic range was provided by 
the USFWS (2001a) in their updated status review of 
sicklefi n chub and sturgeon chub in the United States. 
Maps of historic and current distributions of sturgeon 
chub have been compiled by Region 6 of the USFWS 
and can be viewed at their Web site (http://mountain-
prairie.fws.gov/endspp/chubs). Copies of the maps are 
included as Figure 3 and Figure 4 in this assessment.

In its 12-month fi nding for a petition to list the 
sturgeon chub as endangered, the USFWS concluded 
that the geographic range of the sturgeon chub has 
been reduced by approximately one-half (Figure 
3 and Figure 4). It was estimated that the species 
occupies 1,155 miles, or about 55 percent, of its historic 
range in the mainstem Missouri River and has been 
extirpated from 19 of 30 tributaries to the Yellowstone 
and Missouri rivers that likely contained the species 
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Figure 2. Occurrence of sturgeon chub in the United States. Sturgeon chubs occur in the mainstem of the Yellowstone, 
Missouri, and Mississippi rivers in the central portion of the United States and in a number of tributaries of the 
Yellowstone River and the Missouri River.

historically (Table 2). Field studies since 1997 indicate 
that a viable population of sturgeon chub exists in the 
Mississippi River from the Missouri River confl uence 
to the Ohio River confl uence and downstream of the 
Ohio River confl uence in the Wolf Island chute (U.S. 
Fish and Wildlife Service 2001a).

Despite the loss of approximately one-half of 
the sturgeon chub’s geographic range, the USFWS 
did not recommend listing the species as threatened 
or endangered because recent changes in sampling 

methodology suggest that sturgeon chub populations 
that remain may be more abundant than previously 
thought. In particular, sampling in fast, deepwater 
habitat by trawling has indicated that sturgeon chub 
are more abundant in some areas that were previously 
sampled by shoreline seining.

In Wyoming, the sturgeon chub was collected 
historically in the North Platte, Big Horn, and Powder 
river drainages in the northern part of the state (Figure 
3; Weitzel 2002). It remains in the Powder River 
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Table 2. Historic and current distribution of sturgeon chub in tributaries to the Yellowstone and Missouri rivers (U.S. 
Fish and Wildlife Service 2001a). State abbreviations are in parentheses.

Yellowstone River tributaries
Extant populations Extirpated populations
Powder River (WY, MT) North Platte River (WY)
Crazy Woman Creek (WY) Sunday Creek (MT)
Big Horn River (WY, MT)
Tongue River (MT)
Sears Creek (MT)
Box Elder Creek (MT)

Missouri River tributaries
Extant populations Extirpated populations
Redwater River (MT) Milk River (MT)
White River (SD) Teton River (MT)
Little White River (SD) Little Missouri River (ND, SD)
Bear in the Lodge Creek (SD) Box Elder Creek (ND)
Cheyenne River (SD) Beaver Creek (ND)
Platte River (NE) Green River (ND)

Heart River (ND)
Grand River (ND)
Niobrara River (NE)
Republican River (NE)
Loup River (NE)
Elkhorn River (NE)
Bazile Creek (NE)
Smoky Hill River (KS)
Kansas River (KS)
Wakarusa River (KS)

drainage (Table 2). However, the species is now 
considered extirpated from the North Platte River where 
recent surveys have failed to fi nd any specimens (Patton 
1997, U.S. Fish and Wildlife Service 2001a). In the 
Bighorn River, the sturgeon chub had not been collected 
between 1981 and 2000 and was considered extirpated 
by the U.S. Fish and Wildlife Service (2001b) in their 
12-month fi nding for a petition to list the species as 
endangered. However, the Wyoming Game and 
Fish Department (2002) collected two specimens by 
seining in the Bighorn River near Basin, Wyoming in 
2001. Because no other specimens were collected in 
approximately 50 other sites sampled on the Bighorn 
River between Worland, Wyoming and Yellowtail 
Reservoir, the Wyoming Game and Fish Department 
considered the population of sturgeon chub in the 
Bighorn River drainage to be “rare and dangerously 
close to extirpation” (Weitzel 2002). However, it should 
be noted that sampling in the Bighorn River did not 

include bottom trawling in water too deep for wading, 
a technique that has been more effective than seining in 
some river systems.

In Kansas, the sturgeon chub historically occurred 
in the Missouri River, the Kansas River, the Wakarusa 
River, and the lower reaches of the Republican and 
Smoky Hill rivers (Figure 3). The species remains in 
low numbers in the Missouri River bordering northeast 
Kansas and in the lower portions of the Kansas River. 
However, specimens have not been collected recently 
in the other rivers that were part of its historical 
distribution (Figure 4), and the species is considered 
to be rare in Kansas (http://www.kdwp.state.ks.us/PDF/
EnvSrvs/TEFish/sturgeonchub.pdf).

In Nebraska, the historic range of sturgeon chub 
included the Missouri River, the Platte River, the Loup 
River, and downstream reaches of the Elkhorn and 
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Niobrara rivers (Figure 3). The species remains present 
in the Missouri River within the state, but its abundance 
appears to be low. In sampling the nearly 400 miles 
of the Missouri River that forms the eastern border of 
Nebraska, only two sturgeon chubs were found out of 
the 32,650 fi sh collected with seines and trapnets during 
the period from 1994 to 1999 (U.S. Fish and Wildlife 
Service 2001a). However, when this same reach of 
river was sampled with a bottom trawl in 1996, nine 
sturgeon chubs were captured (Dieterman et al. 1997). 
Sturgeon chub have been collected in the Platte River 
in the last 20 years, but they are uncommon and appear 
to be restricted to the downstream portion of the river 
before the confl uence with the Missouri River. Sturgeon 
chub appear to have been extirpated from the Niobrara, 
Republican, Loup, and Elkhorn rivers within Nebraska 
(Table 2, Figure 4).

In South Dakota, the historic range of sturgeon 
chub encompassed the Missouri River and three major 
tributaries: the Grand River, the Cheyenne River, and 
the White River (Figure 3). Despite extensive sampling 
in recent years, the species has not been captured in 
the Missouri River mainstem within South Dakota, 
probably because most of the river has been modifi ed 
by a series of impoundments (U.S. Fish and Wildlife 
Service 2001a). Populations remain in two Missouri 
River tributaries: the Cheyenne River and the White 
River (Table 2, Figure 4).

The sturgeon chub did not historically occur 
within the state of Colorado although it was 
present in downstream reaches of the Republican 
River in Kansas.

In general, sturgeon chub are a small percentage of 
the fi sh assemblage at a site. Elser et al. (1977) reported 
that although sturgeon chub were “widely distributed in 
the large rivers of southeastern Montana, the sturgeon 
chub is not common where found.” In the Powder River, 
Stewart (1981) found that average percent composition 
of sturgeon chub was 28 percent for areas of suitable 
sturgeon chub habitat, but only 5 percent for the entire 
section of river. Rehwinkel (1978) and Wichers (1980) 
reported that sturgeon chub constituted 1 to 8.6 percent 
of the fi shes in their study areas. Werdon (1992) 
returned to Stewart’s (1981) sampling locations and 
found that sturgeon chub represented from less than 1 to 
36.4 percent (mean 6.1 percent) of the fi sh collected.

Population trends (local, regional and range 
wide)

Typically, the assessments of the population 
status of this species have been based on synoptic 
surveys usually taken at widely separated points in time 
over extensive geographic regions. In Wyoming, Patton 
(1997) sampled fi sh populations at 42 stream sites that 
had been surveyed in the 1960’s. Within the Powder 
River, sturgeon chub were found at three sites where 
they had been recorded in the previous survey. Patton 
concluded that the distribution of this species within the 
Powder River drainage had remained stable during this 
time period (Patton et al. 1998). However, no data had 
resulted in the 1997 sampling effort to assess population 
trends. In Nebraska, Werdon (1992) resurveyed sites in 
1989 and 1990 that had been sampled in the 1960’s. 
She did not collect sturgeon chubs at seven sites on 
the Platte River where this species had been collected 
in the previous survey. Werdon (1992) also failed to 
collect sturgeon chubs at three sites on the Republican 
River along with single sites on the Loup River, the 
Elkhorn River, and Bazile Creek where this species had 
been collected previously. Werdon (1992) did collect 
sturgeon chub on the Powder River and believed that 
population abundance had declined in this drainage 
relative to surveys done a decade earlier. However, this 
assessment for the Powder River is problematic because 
it is not clear that the same microhabitats or reaches 
were sampled or that sampling methods were consistent 
among time periods.

Fish assemblages in the Missouri River in Missouri 
were sampled at the same series of sites by personnel 
from the USFWS and the Missouri Department of 
Conservation from the 1940’s to the 1990’s (Grady and 
Milligan 1998). Over this time period, the probability 
of catching sturgeon chub in seine hauls remained 
constant, suggesting some stability of sturgeon chub 
populations in this section of the river. This agrees with 
information provided by Pfl ieger and Grace (1987) who 
reported that sturgeon chub were a small proportion (<1 
percent) of the total fi sh collected by seining or a boat-
mounted electroshocker in this section of the Missouri 
River, but their relative abundance appeared to have 
remained constant from 1940 to 1983.

The Platte River Basin Native Fishes Work 
Group (1999) compared fish species distributions pre-
1980 to post-1980 and concluded that sturgeon chub 
had been extirpated from the Platte River in Wyoming 
and was a “species of concern” for the Platte River 
basin in Nebraska where populations were considered 
to be declining. 
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Cross and Moss (1987) considered sturgeon chub 
to be among a group of species that had decreased in 
abundance from 1950 to 1980 in the lower portions of 
the Kansas River in Kansas. Sampling was done with 
seines and electrofi shing but not by bottom trawling, so 
the status of sturgeon chub in water too deep for wading 
could not be assessed.

Activity patterns

The occurrence of sturgeon chub in swift water 
habitats in turbid rivers has prevented direct observation 
of their behavior in the wild. As a result, little is known 
about the behavior or activity patterns of sturgeon chub. 
The only known study of sturgeon chub behavior was by 
Stewart (1981) who collected several males and females 
from the Powder River and placed them in a wire mesh 
enclosure in an irrigation canal for observation. Rubble 
and gravel substrates taken from the river were placed 
in the bottom of the enclosure. The less turbid water 
of the canal allowed Stewart to observe the behavior 
of the fi sh; however, the water current characteristics 
of the canal were not similar to those of the river sites 
where sturgeon chub were collected. Sturgeon chub 
were positioned behind, between, and slightly under the 
rocks. Stewart noted that this positioning was similar to 
that of other benthic, carnivorous fi sh (such as sculpins 
and darters) and likely served to minimize the effects of 
high current velocities. 

Stewart (1981) also observed sturgeon chub 
swimming along the substrate upstream and then 
drifting with the current downstream until their 
extended pectoral fi ns caught on the bottom. Stewart 
suggested this behavior allowed the fi sh to maintain 
their positions and to ‘taste’ more of the water with their 
external taste buds. He noted that sturgeon chub swam 
on their sides, or lateral axis, when active and suggested 
this orientation allowed them to feed more effectively on 
benthic invertebrates located on the sides and undersides 
of rocks. Stewart (1981) observed a bobbing behavior 
when sturgeon chub were held in still water in aquaria. 
Stewart suggested several potential explanations for 
the behavior including distress from lack of current 
or dissolved oxygen or a loss of equilibrium. Werdon 
(1992) reported keeping sturgeon chub in an aquarium 
for several months without observing this behavior.

No patterns of daily activity were reported by 
Stewart (1981), and seasonal or spawning movements 
have not been described for sturgeon chub. Werdon 
(1992) suggested adults and juveniles may be forced to 
migrate as water level declines in the late summer and 
fall. In a discussion of the distribution of sturgeon chub 

in Montana, Gould (1997) suggested that large rivers 
serve as core areas for sturgeon chub populations and 
that although emigrants may invade lower reaches of 
tributaries adjacent to core areas when conditions are 
appropriate, no permanent populations appeared to 
become established. 

Researchers have suggested that movements 
are important to the persistence of populations of 
several plains minnow species (Winston et al. 1991, 
Kelch 1994, Platania and Altenbach 1998). Similarly, 
movements to refugia during drought or to recolonize 
reaches where populations have been extirpated may be 
important to sturgeon chub populations (Kelch 1994). 
Because eggs and larvae of broadcast spawners may 
travel great distances downstream during development, 
movement upstream by adult fi sh may be necessary 
to maintain populations in upstream river segments 
(Platania and Altenbach 1998).

Habitat

Sturgeon chub inhabit turbid rivers of the Great 
Plains region of the United States. Smith and Hubert 
(1989) classifi ed sturgeon chub as a river resident species 
in the Powder River, but they did not collect this species 
in one of the larger but less turbid tributaries (Crazy 
Woman Creek). Gould (1997) also concluded sturgeon 
chub were primarily large river residents, remarking 
that rivers served as core areas and although sturgeon 
chub may emigrate into tributaries during appropriate 
conditions, populations do not become established. 

At the macrohabitat scale, sturgeon chubs are 
most abundant in main channel habitat or in association 
with sand or gravel bars; they are seldom found in 
backwater areas (Table 3). Bailey and Allum (1962) 
described sturgeon chub as being “confi ned to open 
channels of large rivers where it lives in a strong 
current over a bottom of sand and fi ne gravel which 
are sparsely populated by other small fi sh.” Sturgeon 
chub were historically abundant in the Little Missouri 
River, a river characterized by extreme turbidity, high 
fl uctuations in fl ow, a constantly shifting bottom, and 
little instream vegetation (Reigh and Owen 1979). Both 
Welker (2000) and Fisher (1999) reported capturing 
most specimens in main channel habitats of the lower 
Yellowstone and Missouri rivers. Sturgeon chub were 
collected primarily from rocky riffl es in the Yellowstone 
and Little Missouri rivers by Reigh and Owen (1979) 
who described ecological requirements of sturgeon 
chub as “sustained current over rock or gravel riffl es”. 
Reigh and Elsen (1979) reported collecting 93 percent 
of sturgeon chubs from gravel and rock substrate 
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Table 3. Top portion: characteristics of macrohabitats used by sturgeon chubs. Bottom portion: characteristics of 
microhabitats used by sturgeon chubs.

Macrohabitat type
River 
(state)

Main 
channel

Channel 
border

Side 
channel

Sand bar 
or island

Tributary 
mouth

Riffl e Comments Citation

Missouri 
(SD)

X Open channels Bailey and Allum 
1962

Yellowstone 
(ND)

X Sustained current 
over rock/gravel

Reigh and Elsen 1978

Yellowstone 
(MT)

X Shallow riffl es near 
shore

Brown 1971

Missouri and 
Yellowstone 
(ND)

X X 85 percent of fi sh 
caught in main 
channel

Welker 2000

Missouri 
(ND)

X Fisher 1999

Missouri 
(ND)

X X X Most fi sh in main 
channel

Everett 1999

Missouri 
and Kansas 
(KS)

X Particularly at head 
of sand bar

Cross and Collins 
1975

Powder 
(WY)

X Rock/gravel; No 
cover

Stewart 1981

Microhabitat characteristics
River 
(state)

Depth (m) Current velocity
(m/s)

Substrate Temperature 
(°C)

Turbidity 
(NTUs)

Citation

Powder 
(WY)

0.42 to 0.85
mean = 0.52

>40 percent 
gravel and rubble

11.7 to 25.5 Werdon 1992

Missouri 
and 
Yellowstone 
(ND)

88 percent of 
chubs in 2 to 5

81 percent of 
chubs in 0.50 to 

1.00

80 percent of 
chubs at 18.0 to 

22.0

78 percent at 
<250

20 percent at 
250 to 499

Welker 2000

Missouri 
and 
Yellowstone 
(ND)

85 percent of 
chubs in 1 to 3

80 percent of 
chubs between 

0.40 to 1.20

95 percent of 
chubs in 20.0 to 

26.0

95 percent of 
chubs in 10 to 

100

Dieterman et 
al. 1997

Powder 
(WY)

0.08 to 0.51
mean = 0.23

0.33 to 0.90 sand/gravel Stewart 1981

habitats and concluded sturgeon chub were restricted 
to areas of high turbidity with persistent fl ows. Cross 
and Collins (1995) specifi ed that sturgeon chub could 
be found “in turbulent areas where shallow water fl ows 
across sandbars, particularly at the upstream ends of 
small sand islands where the channel divides.” Gardner 
and Berg (1982) found sturgeon chub in “fair numbers” 
in a 70 km (43.5 mi) segment of the Missouri River in 
Montana that contained many sand and gravel bars. 
Brown (1971) mentioned fi nding sturgeon chub in the 
Yellowstone River in shallow water riffl es near shore. 

Cross and Collins (1995) stated that sturgeon chub have 
been collected from pools “but only in shallow prairie 
rivers that have loose sand and gravel streambeds.” 
Haddix and Estes (1976) collected sturgeon chub from 
two backwaters sampled on the Lower Yellowstone 
River, but they noted that sturgeon chub were more 
frequently found in main channel habitats. Stewart 
(1981) indicated that the riffl e areas occupied by 
sturgeon chub had no vegetation, attached algae, or 
shade and lacked cover in the form of brush and logs. 
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At the microhabitat scale, sturgeon chub are most 
often found in areas with moderate to fast currents of 
0.5 to 1.0 m/s (1.6 to 3.3 ft./s) and in water greater 
than 0.5 m (1.6 ft.) deep (Table 3). However, they may 
occupy shallower water, as Stewart (1981) collected 
sturgeon chubs in the Powder River of Wyoming at 
water depths of 8 to 51 cm (3.1 to 20.1 in.). The current 
velocities in areas considered suitable sturgeon chub 
habitat in the Powder River ranged from a minimum of 
0.33 m/s (1.1 ft./s) to a maximum of 0.9 m/s (3.0 ft./s) 
(Stewart 1981). In Welker’s (2000) study on the lower 
Yellowstone and Missouri rivers, approximately 88 
percent of sturgeon chub were captured from depths of 
2 to 5 m (6.6 to 16.4 ft.), and 81 percent were collected 
from areas with current velocities in the range of 0.5 
to 1 m/s (1.6 to 3.3 ft./s). However, Welker (2000) 
noted that sturgeon chub were present across a broad 
range depth of 0.1 to 6 m (0.3 to 19.7 ft.) and current 
velocity categories of 0 to 1 m/s (0 to 3.3 ft./s) in his 
study area. Welker (2000) developed a habitat model 
for sturgeon chub that included percent gravel, current 
velocity, and discharge as signifi cant variables. In the 
model, an increase in gravel and a decrease in velocity 
positively infl uenced sturgeon chub abundance. Werdon 
(1992) found that sturgeon chub in the Powder River of 
Wyoming were more abundant at sites having greater 
than 40 percent gravel/rubble substrate and were not 
collected from sites with more than 10 percent clay 
substrate. Werdon (1992) reported water velocities for 
sites where sturgeon chub were present as ranging from 
0.42 to 0.85 m/s (1.4 to 2.8 ft./s) with a mean of 0.52 
m/s (1.7 ft./s).

The preference of sturgeon chub for turbid 
waters was noted by Stewart (1981) who remarked that 
sturgeon chub were never collected from water that was 
not turbid. Stewart (1981) reported that sturgeon chub 
inhabiting the Powder River were never found upstream 
of the confl uence of a highly turbid tributary where 
the water was less turbid, despite the availability of 
suitable habitat. Gould (1997) suggested that sturgeon 
chub were “negatively phototropic.” Gould (1997) 
commented on the absence of sturgeon chub from 
clear water environments despite suitable substrate and 
current velocities (e.g., Stewart 1981 and Liebelt 1996). 
Gould (1997) also noted reports that indicated sturgeon 
chub used shallow areas when waters were highly turbid 
(e.g., Gould 1997) but deeper areas in less turbid waters 
(e.g., Grisak 1996). Welker (2000) reported that most 
sturgeon chub were captured at turbidities below 250 
NTUs (Nephelometric Turbidity Unit), and Dieterman 
et al. (1997) captured most of their specimens in 
turbidities of 10 to 100 NTUs (Table 3). 

In the lower Yellowstone and Missouri rivers, 
80 percent of sturgeon chub were captured at water 
temperatures between 18º and 22 ºC (64.4º and 71.6 
ºF) during the study period of July through September 
(Welker 2000). Werdon (1992) reported water 
temperatures for the Powder River ranged from 11.7° 
to 25.5 °C (53.1° to 77.9 °F) at sites where sturgeon 
chub were collected, noting the range included diel and 
seasonal temperature changes during the study period 
which began in May and ended in mid summer.

Sturgeon chub do not appear to undergo major 
ontogenetic shifts in habitat use. Everett (1999) found 
no statistical difference in areas occupied by age-1, 
age-2, or age-3 sturgeon chub for depth, velocity, 
turbidity, temperature, conductivity, substrate, or 
macrohabitat type. Reigh and Elsen (1979) remarked 
that all young-of-year sturgeon chub were found in 
areas of sand substrates but also indicated that they 
collected both adult and young at similar sites. Stewart 
(1981) collected fi ve young-of-year sturgeon chub at 
the end of a riffl e in an area with sand-pebble substrate 
and low current velocity. Stewart (1981) suggested that 
either juveniles inhabited areas where their detection is 
diffi cult or poor reproductive success and/or survival of 
young-of-year accounted for the low number of young-
of-the-year sturgeon chub he collected. Welker (2000) 
found sturgeon chubs less than 40 mm (1.6 in.) total 
length in all study sections sampled.

Sturgeon chub spawning habitat has not been 
identifi ed. Possible spawning habitats were suggested 
by a description of a site where ripe sturgeon chub were 
collected as well as inferences about their breeding 
behavior. Werdon (1992) captured 30 adult sturgeon 
chub, including some in spawning condition, in mid-
June from a narrow side channel in the Powder River. 
Substrate in the channel consisted of approximately 
20 percent gravel, 50 percent rubble, and 30 percent 
sand in contrast to the main channel, which had a 
predominately sand substrate (>90 percent). Because 
the site contained the most sturgeon chub of any 
sampled during the study and since it was early summer, 
Werdon (1992) suggested that the sturgeon chub may 
have been staging in the side channel prior to spawning. 
Water temperatures at the sites where ripe sturgeon 
chubs were collected were between 18.3° and 22.2 °C 
(64.9° and 72 °F) (Werdon 1992).

The closely related speckled chub (Macrhybopsis 
aestivalis) spawns from midday into early afternoon 
(Botrell et al. 1964). Botrell et al. (1964) hypothesized 
that speckled chub spawn in the deeper areas of streams. 
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Platania and Altenbach (1998) suggested that broadcast 
spawners, such as speckled chub, spawned in the mid- 
or upper portions of the water column during elevated 
fl ows. The spawning habitat of speckled chub may be 
similar to that of sturgeon chub since the two species 
have been reported to hybridize.

Food habits

Sturgeon chub appear to be carnivorous and 
consume primarily aquatic insects (Cross and Collins 
1995). Stewart (1981) examined the stomach contents 
of eight sturgeon chubs from the Powder River and 
concluded that sturgeon chub were benthic insectivores. 
Reigh and Elsen (1979) also considered sturgeon 
chub to be insectivorous based on stomach contents 
of specimens from the Little Missouri River. In both 
studies, advanced mastication of insects prevented 
further identifi cation. Gould (1997) examined the 
stomach contents of a few sturgeon chubs from Montana 
and reported the presence of simulid and chironomid 
parts; however, as in other studies, the majority of the 
stomach contents were unidentifi able insect parts.

Davis and Miller (1967) agreed with Moore 
(1950) who stated that sturgeon chub “possessed the 
most highly developed cutaneous sense organs of any 
of the North American cyprinids.” In a comparison 
of brain patterns and gustatory structures of sicklefi n 
chub and sturgeon chub, Davis and Miller (1967) 
noted that sturgeon chub were better adapted for turbid 
habitats as they possessed more cutaneous taste buds 
and had larger eyes than sicklefi n chub. Davis and 
Miller (1967) also suggested that the two species, 
although commonly collected together, had different 
feeding habitats. Davis and Miller (1967) proposed 
that sturgeon chub had a more acute awareness of food 
in their immediate environment resulting from their 
greater densities of taste buds, larger surface areas for 
taste buds (provided by the papillae on their ventral 
surface), and longer barbels than sicklefi n chub. Davis 
and Miller (1967) also suggested that because sturgeon 
chub had fewer internal taste buds, they had a less 
effi cient food sorting mechanism than sicklefi n chub. 
The greater sensory detection abilities of sturgeon chub 
were thought to enable them to be more selective and 
compensate for their less effective sorting mechanism. 
This differentiation between the two species could 
explain the reported difference in substrate preferences 
of sturgeon chub and sicklefi n chub. Sicklefi n chub, 
which may sort food items from ingested detritus more 
effectively, are more commonly associated with sandy 
substrates whereas sturgeon chub, which appear to have 
a less effi cient sorting but an enhanced food detection 

mechanism, are more commonly associated with gravel 
substrates (Davis and Miller 1967, Reigh and Elsen 
1979, Welker 2000).

Breeding biology

The reproductive biology of sturgeon chub is 
almost entirely unknown. Spawning has never been 
observed for the species, few ripe adults have been 
collected, available fecundity information is based on 
the examination of only eight gravid females from a 
single river, and there are no reports of embryo and 
larval development. Sturgeon chub have been reported 
to hybridize with speckled chub (Werdon 1992, Pfl ieger 
1997), which allows inferences regarding sturgeon chub 
breeding habits and larval development. The limited 
information regarding sturgeon chub breeding biology 
is presented below and is followed by a summary of the 
reproductive biology of speckled chub. 

It is generally accepted that sturgeon chub spawn 
in early summer (Lee et al. 1980, Cross and Collins 
1995, Pfl ieger 1997). Ripe sturgeon chub were collected 
during early June and July in the Powder River, 
Wyoming by Stewart (1981), but no gravid females 
were collected after July 26. Stewart (1981) concluded 
that spawning activity peaked in June and continued 
through mid-July. Werdon (1992) also collected ripe 
sturgeon chub from the Powder River in mid-June at 
water temperatures of 18.3° and 22.2 °C (64.9° and 
72 °F). Cross (1967) found tuberculate males in the 
Powder River in June (Lee et al. 1980, Stewart 1981) 
and also reported collecting tuberculate males in May 
in Kansas at a water temperature of 23 °C (73.4 °F) 
(Lee et al. 1980). Gravid females and tuberculate males 
were collected in South Dakota on July 14 (Lee et al. 
1980). Pfl ieger (1997) remarked that spawning may 
occur earlier in Missouri, presumably due to warmer 
water temperatures earlier in the year. Reigh and Elsen 
(1979) found young-of-year sturgeon chub in the Little 
Missouri and Yellowstone rivers of Montana in late 
July, indicating that spawning occurred in spring or 
early summer.

Werdon (1992) collected four ripe female 
sturgeon chubs that were 76, 80, 81, and 85 mm (3.0, 
3.1, 3.2, and 3.4 in.) in length. Werdon (1992) reported 
the 85 mm specimen was age 3 and the other three 
females were age 2. Werdon (1992) also collected two 
ripe males, 78 and 79 mm (3.1 in) total length, which 
were age 2. Stewart (1981) collected seven gravid 
female sturgeon chub, two were age 2 and fi ve were 
age 3. Stewart (1981) examined fi ve of the gravid 
females and reported their total lengths ranged from 78 
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to 81 mm (3.1 to 3.2 in.). Stewart (1981) concluded that 
sturgeon chub are sexually mature at age 2, and Werdon 
(1992) concurred. Importantly, Pfl ieger (1997) noted 
that although the maximum age of sturgeon chub is age 
4, the limited data suggest few live beyond age 2. 

Both Stewart (1981) and Werdon (1992) reported 
fi nding mature and immature eggs in the ovaries of ripe 
females, indicating sturgeon chub may be fractional 
multiple spawners. Werdon (1992) reported fi nding 
previtellogenic, vitellogenic, and mature oocytes 
present in the ovaries of a single ripe female. Stewart 
(1981) examined the ovaries of two females collected 
in November and did not fi nd any visible eggs. Stewart 
(1981) suggested that sturgeon chub deposited all 
eggs during spawning and no eggs are held over the 
winter. Stewart (1981) relayed that Wichers (1980) 
also reported that female sturgeon chub collected in 
September appeared to be spawned out and had low 
condition factors.

Stewart (1981) reported the ovaries of seven 
gravid female sturgeon chubs contained from 2,000 to 
3,500 eggs, including both mature and developing eggs. 
Werdon (1992) counted 5,310 immature and mature eggs 
from a single female that was examined. Characteristics 
of sturgeon chub eggs such as size, color, adhesiveness, 
and buoyancy have not been described. Werdon (1992) 
reported the gonadosomatic indices (GSI; the ratio of 
gonad mass to body mass multiplied by 100) for three 
ripe female sturgeon chub were 15.4, 15.6, and 20.7. 
The female specimen used to estimated egg quantity 
(5,310 eggs) had a GSI of 15.6. 

Gould (1997) examined 31 preserved specimens 
of male sturgeon chub from the Vertebrate Museum 
at Montana State University. Gould (1997) classifi ed 
as ‘ripe’ nine males that had swollen testes with 
widths greater than or equal to 0.9 mm (0.04 in.). 
The remaining 22 males had testes widths less than 
0.5 mm (0.02 in.) and were considered to be not ripe. 
Gould (1997) reported a range of 42 to 85 mm (1.7 to 
3.4 in.) total length for the nine ripe specimens. The 
22 non-ripe males examined had a similar range of 43 
to 88 mm (1.7 to 3.5 in.) total length. Both ripe and 
non-ripe male specimens were collected in July and 
August, but the majority of ripe males were collected 
in July. Gould (1997) did not report age estimates for 
the males examined.

Cross (1967) collected male sturgeon chubs with 
well developed breeding tubercles in late June from the 
Powder River. However, Stewart (1981) did not fi nd 
breeding tubercles on any sturgeon chub collected in 

June or July in the same river. Werdon (1992) and Gould 
(1997) did not comment on the presence or absence of 
breeding tubercles on ripe males examined. 

Gould (1997) calculated a male: female ratio 
of 1.1:1.0 (31 males: 28 females) for sturgeon chub 
using a museum collection of 59 specimens. Werdon 
(1992) identifi ed the sex of only six sturgeon chub 
of 159 collected, of which four were female and two 
were male. The majority of sturgeon chubs collected 
by Werdon (1992) were age 2 (76 percent of 159) and 
were presumably sexually mature; however, sampling 
was conducted early in the spawning season (May 
and early June), possibly before most fi sh were ripe. 
Stewart (1981) found seven gravid females among 38 
sturgeon chub specimens used in an age and growth 
analysis, but he did not report the sex of the other 
31 fi sh. Unfortunately, no researchers have collected 
and sexed large numbers of sturgeon chubs. The sex 
ratio calculated by Gould (1997) should be used with 
appropriate caution since sample size was relatively 
small and consisted of specimens that may have been 
collected from different localities.

No researchers have observed the reproductive 
behavior of sturgeon chub or described their spawning 
habitat. Sturgeon chub have been reported to hybridize 
with speckled chub (Johnson 1942 and Morris et al. 
1974 as referenced by Werdon 1992). The hybridization 
suggests some similarity in the breeding behavior 
and spawning habitats of these two species. Because 
sturgeon chub spawning behavior and embryology have 
not been documented, a description of egg deposition 
and development in speckled chub is informative. 
Botrell et al. (1964) determined that speckled chub 
spawning occurs from midday into early afternoon. 
In several years of collections taken at various times 
during the day, no speckled chub eggs in early stages 
of development were collected before noon, and only 
eggs in early development were collected in late 
afternoon. Botrell et al. (1964) did not observe breeding 
congregations of fi sh and hypothesized that females 
broadcast their eggs in the “deeper part of the stream 
current.” Unfertilized speckled chub eggs were clear, 
transparent, nonadhesive, and demersal, with the yolk 
mass having an average diameter of 0.95 mm (0.04 in.). 
When exposed to water the chorion expanded and the 
egg became semi-buoyant; the average diameter of the 
enlarged chorion was 2.5 mm (0.1 in.). The fertilized 
eggs developed as they drifted downstream in the main 
current of the river. Botrell et al. (1964) reported that 
fertilized eggs kept at room temperature (24 to 28 °C 
[75.4 to 82.4 °F]) hatched on average 23 hours after the 
blastula stage. 
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Platania and Altenbach (1998) investigated 
the reproductive strategy of several plains minnows 
including speckled chub, which are members of a 
reproductive guild characterized by pelagic-broadcast 
spawning of nonadhesive, semi-buoyant eggs. Platania 
and Altenbach (1998) described the generalized 
spawning behavior of the members of this guild as 
follows. Males pursued a single female, nudging the 
female’s abdominal region. A single male would wrap 
himself around the female when she was ready to 
spawn, and eggs and milt were expelled simultaneously. 
Reproduction typically included several spawning 
events with intervals of at least 10 minutes. Eggs 
settled to the substrate of the aquaria and expanded as 
they absorbed water within approximately a half hour. 
The eggs became semi-buoyant as they expanded and 
remained in the water column as long as current was 
maintained in the aquaria. This reproductive strategy is 
believed to be adaptive to the hydrology characteristic 
of Great Plains rivers in spring and summer (Platania 
and Altenbach 1998, Johnston 1999). Platania and 
Altenbach (1998) suggested that broadcast spawners 
with semi-buoyant eggs spawned in the water column 
during elevated fl ows, which would allow eggs to stay 
afl oat immediately after spawning until they became 
semi-buoyant. A sustained current is necessary to keep 
the semi-buoyant eggs afl oat. Lack of current may result 
in egg death if eggs settle on the bottom and are covered 
with silt. The rapid development of the eggs, with 
hatching occurring within 28 hours, is likely adaptive 
to unpredictable fl ows (Botrell et al. 1964, Platania and 
Altenbach 1998).

Demography

Genetic characteristics and concerns

Gould (1997) found no signifi cant differences 
in meristic characteristics among sturgeon chub 
specimens collected from the Powder, Yellowstone, 
and middle Missouri rivers and concluded that the 
populations were not distinct and no subspecies 
designation was warranted.

Werdon (1992) attempted to compare 
morphometric and meristic characteristics among 
sturgeon chub populations throughout their range 
but was only able to collect suffi cient numbers of 
sturgeon chub from upstream, middle, and downstream 
segments of the Powder River. Sturgeon chub were 
morphometrically similar throughout the Powder 
River with the exception of mean head width, snout 
length, and body depth, which were greater for fi sh 
in the middle section of the river. Fish collected 

from the middle section were ripe, which may have 
infl uenced mean body depth. Habitat variables were 
similar throughout the river and did not account for the 
signifi cant differences observed in mean head width 
or snout length. Werdon (1992) concluded that the 
variation in three morphometric characteristics had no 
biological signifi cance despite their apparent statistical 
signifi cance. For meristic characteristics, Werdon (1992) 
found signifi cant differences in mean counts of anal, 
dorsal, pelvic, and pectoral fi n rays; lateral line scales; 
and number of scale rows above and below the lateral 
line among sturgeon chubs from different sections of 
the Powder River. Werdon (1992) concluded that these 
differences were probably caused by the variations in 
temperature during embryonic development rather than 
genetic differentiation. Werdon (1992) was unable to 
demonstrate latitudinal meristic clines for sturgeon 
chub in the Powder River and reasoned that there was 
probably little latitudinal change among the sections of 
the Powder River studied.

Hybridization of sturgeon chub with speckled 
chub and sicklefi n chub has been reported (U.S. Fish and 
Wildlife Service 2001a). Hybrids have been reported in 
Nebraska (Johnson 1942, Morris et al. 1974) and in 
the Missouri River in Missouri (Gelwicks et al. 1996). 
Werdon (1992) sought to document the occurrence of 
hybrids throughout the range of sturgeon chub but did 
not collect any hybrids and only found sturgeon chub 
in the Powder River and Yellowstone River where 
speckled chub do not occur. To our knowledge there 
have been no reports of hybridization of sturgeon chub 
with other species. 

Little is known of the demographics of sturgeon 
chub, and we unaware of any genetic studies. The 
single study of meristic variation among sturgeon chub 
collected from several rivers concluded no subspeciation 
was evident (Werdon 1992). Genetic studies of sturgeon 
chub populations and of hybrids would be useful in 
assessing the threat of hybridization with speckled 
chub and sicklefi n chub. Population isolation may 
be a genetic concern; however, habitat loss and the 
associated population declines are more pressing 
threats. Requirements for successful spawning and 
development of eggs and larvae should be considered 
in conservation efforts (Platania and Altenbach 1998, 
Johnston 1999).

Life history characteristics

Life history characteristics include length at 
age, age of sexual maturation, fecundity, and life span. 
Few studies have investigated these characteristics for 
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sturgeon chub, and most studies have small sample 
sizes. Furthermore, the two most informative life 
history studies of sturgeon chub were conducted on the 
same river, the Powder River in Wyoming. As a result, 
information regarding the age structure of sturgeon 
chub populations remains inadequate, and inferences of 
their life history characteristics are primarily based on 
populations from a single river.

Stewart (1981) aged sturgeon chub using scale 
annuli. Of 38 fi sh that were aged, 13 percent (5) were 
age 0, 47 percent (18) were age 1, 21 percent (8) were 
age 2, 16 percent (6) were age 3, and 1 fi sh was age 
4. Average lengths for each age class were as follows: 
42 mm (1.7 in.) at age 0, 66 mm (2.6 in.) at age 1, 85 
mm (3.3 in.) at age 2, 86 mm (3.4 in.) at age 3, and 
84 mm (3.3 in.) for the one specimen age 4 (Stewart 
1981). Overall, sturgeon chub lengths ranged from 10 
to 96 mm (0.4 to 3.8 in.) (Stewart 1981). The weight 
range reported for 28 sturgeon chub, which ranged in 
length from 53 to 93 mm (2.1 to 3.6 in.), was 0.75 to 
5.50 grams (Stewart 1981). The oldest sturgeon chub 
collected was age 4 (Stewart 1981).

Werdon (1992) found three year classes of 
sturgeon chub, not including young-of-year. Of 159 
specimens, 23.9 percent (33) were age 1, 72.3 percent 
(97) were age 2, and 3.8 percent (4) were age 3. Werdon 
(1992) concluded that the lifespan of sturgeon chub was 
four years based on the absence of age 4 fi sh and the 
low abundance of age 3 fi sh. Total lengths and weights 
of sturgeon chub sampled were similar to those reported 
by Stewart (1981). 

As mentioned above, the two studies providing 
information about sturgeon chub life history 
characteristics were both conducted on the Powder 
River. Information regarding age 0 sturgeon chub 
was provided by Pfl ieger (1997) who reported that in 
Missouri sturgeon chub reach 25 to 48 mm (1 to 1.9 
in.) by the end of their fi rst summer. These lengths are 
consistent with those reported by Stewart (1981), 38 to 
48 mm (1.5 to 1.9 in.), for age 0 sturgeon chub.

Both Stewart (1981) and Werdon (1992) 
concluded that sturgeon chub reach adult length after 
their second year of growth, become sexually mature 
at age 2, and show reduced growth after maturation. 
Werdon (1981) reported an average annual growth 
of 48 mm (1.9 in.) for age 1 sturgeon chub, but only 
21 mm (0.83 in.) and 11 mm (0.43 in.) for age 2 and 
age 3 fi sh, respectively. Stewart (1981) noted that high 
variation made it diffi cult to predict age based on length 
for sturgeon chub greater than 70 mm (2.8 in.) total 

length. Werdon (1992) found that total lengths could be 
used to differentiate most age 1 from age 2 or greater 
sturgeon chub; however, age 2 and age 3 fi sh could not 
be distinguished due to the overlap in lengths between 
these age classes.

Life cycle diagram and analysis of demographic 
matrix. A life cycle graph (Figure 5) was constructed 
for sturgeon chub and used as the basis for an analysis 
of how population demographics might infl uence the 
long-term persistence of sturgeon chub populations 
(details of the analysis are given in the Appendix). 
The approach is to use a stage-based variation of 
a Leslie matrix to project population sizes under 
various scenarios of environmental and demographic 
stochasticity. A major reason for doing a matrix 
demographic analysis is to identify which age-specifi c 
vital rates (such as the probability that a fi sh of a given 
age survives during the next year or the number of eggs 
produced by a female of a given age) are likely to be 
most infl uential in determining population growth rate. 
Population growth rate, in turn, is critical in allowing 
sturgeon chub populations to recover from low-points 
in abundance and thus avoid going extinct.

Input data needed for a population projection 
matrix model consist of age-specifi c survival and 
fecundity rates. We assembled the sparse data available 
in the literature on these rates for sturgeon chub 
(Table 4). The model has two kinds of input terms: P

i
 

describing survival rates, and m
i
 describing fecundities 

(Table 4). Fecundities are given as female offspring 
per female. In contrast to fi sheries terminology, the 
convention here is ordinal numbering beginning with 1 
(fi rst, second, third, and fourth age-classes). Thus, age-
class 0 in fi sheries terminology corresponds to the age-
class 1 in the matrix model. Each age-class describes a 
one-year census interval period, and the age-class that 
begins with an egg at the census and proceeds to the 
fi rst clutch produced by a yearling is described by the 
self-loop P

21
m

1
 in Figure 5.

Sensitivity analysis. Sensitivity is the effect on 
population growth rate (λ) of an absolute change in the 
vital rates (the arcs in the life cycle graph, Figure 5). 
Sensitivity analysis can show how important a given 
vital rate is to λ or fi tness. One can use sensitivities 
to assess the relative importance of survival versus 
reproductive transitions. Sensitivities also can be 
used to evaluate the effects of inaccurate estimation 
of vital rates, to quantify the effects of environmental 
perturbations, and to identify stage-specifi c survival or 
fertility rates that are most critical to increasing λ of an 
endangered species. Sturgeon chub show sensitivity 
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(100 percent of total) only to changes in survival but not 
to changes in fecundity, with fi rst-year survival alone 
accounting for 99.9 percent of the total. The major 
conclusion from the sensitivity analysis is that fi rst-year 
(egg to yearling) survival is overwhelmingly important 
to population viability.

Elasticity analysis. Interpreting sensitivities can 
be somewhat misleading because survival rates and 
reproductive rates are measured on different scales. 
For instance, a change of 0.5 in survival may be a big 
alteration (e.g., a change from a survival rate of 0.9 to 
0.4 corresponds to a reduction in survival from 90 to 40 
percent). On the other hand, a change of 0.5 in fertility 
may be a small proportional alteration (e.g., a change 
from an average clutch size of 100 eggs to 99.5 eggs). 
Elasticities are the sensitivities of λ to proportional 
changes in the vital rates (a

ij
) and thus largely avoid 

the problem of differences in units of measurement. 

Details of the elasticity analysis for sturgeon chub 
are given in the Appendix. Population growth rate is 
most elastic to changes in fi rst-year survival (P

21
 in 

Figure 5). Next most elastic is fi rst-time reproduction 
by second-year fi sh (P

32
m

2
 in Figure 5). Third most 

important is survival of second-year fi sh (P
32

 in Figure 
5). The sensitivities and elasticities for sturgeon chub 
correspond in emphasizing fi rst-year survival, although 
fi rst-year survival is relatively more important in the 
sensitivity analysis compared to the elasticity analysis. 
Thus, survival through the fi rst two non-reproductive 
years and fi rst-time reproduction are the data elements 
that warrant careful monitoring in order to refi ne the 
matrix demographic analysis.

Other demographic parameters. The stable 
age distribution describes the proportion of each age-
class in a population at demographic equilibrium. For 
sturgeon chub at the time of the post-breeding annual 

Figure 5. Life cycle graph for sturgeon chub. The numbered circles (nodes) represent the fi ve age-classes. 
The arrows (arcs) connecting the nodes represent the vital rates — transitions between age-classes such as 
survival (P

ji
) or fertility (the three arcs P

ji
 * m

i
 that point back toward the fi rst node). Note that reproduction 

begins in the second year

Table 4. Parameter values for the component terms (P
i
 and m

i
) that make up the vital rates in the projection matrix for 

sturgeon chub. Stewart (1981) and Werdon (1992) provided the basis for calculating age-specifi c fertilities. Survival 
rates for adults came from Werdon (1992). The model assumes female demographic dominance so that fertilities are 
given as female offspring per female; thus, the egg number used was half the total fecundity, assuming the 1:1 sex 
ratio noted by Gould (1997).
Parameter Numeric 

value
Interpretation

m
2

1,375 Number of female eggs produced by a second-year female
m

3
1,500 Number of female eggs produced by a third-year female

m
4

2,000 Number of female eggs produced by a fourth-year female
P

21
0.00122 First-year survival rate 

P
32

, P
43

0.4 Second- and third-year survival rate (“prime of life”)
P

54
0.1 Survival rate of oldest adults

1 2 3 4 5

P54m4 = 200

P21 = 0.001 P32 = 0.4 P43 = 0.4 P54 = 0.1

P32m2 = 550
P43m3 = 600
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census (just after the end of the breeding season), 
fi sh less than 1 year old represent 99.8 percent of the 
population. Reproductive values describe the “value” of 
a stage as a seed for population growth relative to that 
of the fi rst (egg) stage. The reproductive value of the 
fi rst stage is always 1.0. The reproductive value is fairly 
similar for second- and third-year females (821 and 
679) with the higher clutch size of the latter balanced 
by the possibility of mortality. These second- and third-
year females are important stages in the life cycle and 
represent 88.9 percent of the non-egg census population. 
The cohort generation time for this fi sh is 2.4 years.

Stochastic model. We conducted a stochastic 
matrix analysis for sturgeon chub. We incorporated 
stochasticity in several ways, by varying different 
combinations of vital rates or by varying the amount 
of stochastic fl uctuation (details in the Appendix). The 
stochastic model produced two major results. First, 
high variability in fi rst-year survival had the greatest 
detrimental effect, with the next greatest effect due to 
varying the fertility rates of all age classes. The second 
major result was that the magnitude of stochastic 
fl uctuation had a discernible effect on population 
dynamics. These results indicate that populations of 
sturgeon chub are vulnerable to stochastic fl uctuations 
in early survival (due, for example, to annual climatic 
variation or to human disturbance), especially when the 
magnitude of fl uctuations are high. To a lesser degree, 
variations in reproduction will also have strong effects 
when variability is high.

Summary of major conclusions from matrix 
projection models:

 First-year survival accounts for >99.9 
percent of the total “possible” sensitivity. 
Any absolute changes in this rate will have 
major impacts on population dynamics.

 First- and second year survival account for 
56.2 percent of the total elasticity, compared 
to the 42.2 percent accounted for by the 
entire set of fertilities. Proportional changes 
in fi rst- and second-year survival will have a 
major impact on population dynamics.

 The reproductive value of second- and 
third-year females is high. Their high 
reproductive values make them important 
buffers against the detrimental effects of 
variable conditions.

 Stochastic simulations echoed the elasticity 
analyses in emphasizing the importance of 
variation in fi rst- and second-year survival to 
population dynamics.

Ecological infl uences on survival and 
reproduction

There is little information that would allow 
mortality of sturgeon chub to be partitioned among 
different causes (e.g., predation, competition, 
parasitism, abiotic stressors) for the various life history 
stages. As with most fi sh species that produce many 
eggs but provide little parental care, the mortality rate 
of early life history stages is extremely high. Survival 
from egg through the fi rst year of life was estimated to 
be only 0.00122 percent based on the matrix population 
analysis (see Table 4 and section titled Life cycle 
diagram and analysis of demographic matrix). This 
suggests that stranding of eggs and larvae in unsuitable 
habitat and/or predation on eggs and larvae as they drift 
downstream are likely to be major sources of mortality. 
Sturgeon chubs consume primarily aquatic insects, but 
the extent to which competition with other fi shes for 
food limits population size is unknown. Sturgeon chubs 
have been found in the stomachs of some piscivorous 
fi sh, particular sauger (Zander canadense), but whether 
predation is high enough to limit population size has not 
been determined. There is no evidence to suggest that 
disease or parasites are major factors impacting survival 
or reproduction.

The moderate to large-sized streams that are 
the main habitat of sturgeon chubs are not likely 
to experience the same degree of extreme abiotic 
conditions that often kill fi sh in smaller, more 
intermittent water bodies within the Great Plains region. 
These lethal conditions include drying up, anoxia or 
high temperatures in summer, or complete freezing and 
anoxia in winter. Instead, larger streams in the Great 
Plains region are subject to major high fl ow events, 
but the sturgeon chub evolved in these systems and 
presumably is adapted to surviving fl oods.

Social pattern for spacing

The sturgeon chub is often found in groups, 
and individuals do not defend home ranges. The best 
information we have about the species suggests it is a 
broadcast spawner, and thus it is not likely to defend a 
nest site. Therefore, it does not appear that territoriality 
plays a role in population regulation for this species.
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Patterns of dispersal of young and adults

Larvae of sturgeon chub are believed to drift 
downstream in rivers during the fi rst several days 
of development. As noted by Fausch and Bestgen 
(1997), fi shes whose eggs and larvae are transported 
downstream must have a mechanism for repopulating 
upstream reaches. Presumably this involves upstream 
migration by adults prior to spawning. Such spawning 
migrations are common in many fi sh species (Lucas 
and Baras 2001) but have not been investigated for the 
sturgeon chub. Because the species is not territorial, 
dispersal of young to new areas at the time of sexual 
maturity is not a life history characteristic. Dispersal 
is more likely related to declining habitat quality and 
the existence of corridors that allow movement to other 
suitable habitat patches.

Spatial characteristics of populations

Spatial characteristics of populations such 
as sources and sinks, or metapopulation dynamics, 
have not been studied in sturgeon chub. Across their 
geographic range, no subspecies have been designated 
(see Systematics and Species Description section). It 
should be noted that the current distribution of sturgeon 
chub is highly fragmented relative to the historical 
geographic range occupied by the species (Figure 3 
and Figure 4). This suggests that problems associated 
with fragmentation, such as reduced genetic variation 
in isolated populations, increased risk of extirpation due 
to demographic or environmental stochasticity, and lack 
of recolonization following extirpations, could become 
management issues in the future (Saunders et al. 1991, 
Luttrell et al. 1999).

Limiting factors

The main factors limiting population growth for 
specifi c populations or the species in general have not 
been identifi ed but likely involve habitat availability. 
The species is generally limited to turbid, warmwater 
rivers. Such rivers have been extensively modifi ed 
through impoundments built for fl ood control, water 
storage, and to facilitate boat traffi c (Berry and Galat 
1993). Berry and Erickson (1995) reported that 
reservoirs cover 1,216 km (755.6 miles) of the 3,768 
km (2,341.3 miles) of the Missouri River as it fl ows 
from the Rocky Mountains in Montana to its confl uence 
with the Mississippi River in Missouri. This represents 
a loss of nearly one-third of the fl owing water habitat 
in this major river that is in the core range of the 
sturgeon chub. In addition to the direct replacement of 
river habitat by reservoir habitat, impoundments often 

eliminate high fl ow events, increase water clarity, and 
modify temperature regimes in the riverine stretches 
between reservoirs. Such modifi cations are thought 
to be responsible for the extirpation of sturgeon chub 
populations in the mainstem Missouri River in North 
Dakota, South Dakota, and parts of Nebraska (Figure  
3 and Figure 4, U.S. Fish and Wildlife Service 2001b). 
Thus, loss of habitat is almost certainly a major cause 
of decline in sturgeon chub populations. In some cases, 
the extirpation of populations may be a consequence of 
the loss of refuge habitat during extreme environmental 
conditions coupled with the loss of recolonization 
pathways. For example, Kelch (1994) reported that 
sturgeon chub were extirpated from the Little Missouri 
River in North Dakota following an extended drought. 
He speculated that in the past, sturgeon chub would 
have been able to recolonize this river from populations 
that found refuge downstream in the Missouri River. 
However, construction of the Garrison Dam inundated 
the lower 67 km of the Little Missouri River through the 
formation of Lake Sakakawea Reservoir and prevented 
movement of sturgeon chub between the Little Missouri 
and Missouri rivers.

As mentioned earlier, impoundments cause 
suspended solids to settle out and thus reduce water 
turbidity downstream (Pfl ieger and Grace 1987). It 
is widely considered that reduced turbidity has had a 
negative impact on sturgeon chub populations although 
the exact mechanism has not been identifi ed. It is likely 
that reduced turbidity might favor other drift-feeding 
fi sh species, as suggested by Pfl ieger and Grace (1987). 
Also, reduced turbidity might increase predation rates 
on sturgeon chub by piscivorous fi sh or terrestrial 
predators. Furthermore, impoundments often serve as 
source environments for piscivores such as walleye 
(Zander vitreum), striped bass (Morone saxatilis), 
or largemouth bass (Micropterus salmoides) that 
would otherwise be absent or rare in the river systems 
historically inhabited by sturgeon chubs. 

Bonner and Wilde (2000) proposed that in 
some cases, remaining fragments of river between 
impoundments may be too short to allow successful 
reproduction by a guild of prairie stream fishes that 
spawn nonadhesive, semi-buoyant eggs. The sturgeon 
chub belongs to this guild. Bonner and Wilde (2000) 
noted that these fishes spawn in response to floods that 
increase stream flows and keep the semi-buoyant eggs 
afl oat until hatching occurs. Newly-hatched fry are weak 
swimmers, so strong currents also are required to keep 
fry suspended so that they do not settle to the bottom 
and become buried. Depending on channel morphology, 
current velocity, and water temperature, eggs and fry 
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could be transported tens or hundreds of km downstream 
before fry can swim well enough to find refuge in slower 
current areas. Bonner and Wilde (2000) suggest that 
free-fl owing reaches between impoundments may need 
to approach 200 to 300 km (124.3 to 186.4 miles) in 
length in order to provide suffi cient habitat for successful 
spawning by such species.

Community ecology

Predators

Weitzel (2002) described sturgeon chub as 
important prey items of sauger, walleye, and northern 
pike (Esox lucius) as well as of piscivorous mammals 
and birds but did not provide documentation in the 
form of diet studies. In the studies of sturgeon chub we 
examined, we found no specifi c mention of predation 
on sturgeon chub by mammalian or avian predators and 
only a few reports of predation by a piscivorous fi sh, 
specifi cally sauger. Gardner and Berg (1982) reported 
that sturgeon chub were a minor prey item of sauger 
in segments of the Missouri River above Fort Peck 
Reservoir where sturgeon chub were relatively abundant. 
For the sauger diet analysis, sicklefi n chub and sturgeon 
chub were combined. These two species of chub in 
combination were found in 16 percent of the sauger 
stomachs examined, and they comprised 21 percent of 
the total prey items and 19 percent of the prey volume. 
Stewart (1981) indicated that fl athead chub (Platygobio 
gracilis) were the only potential aquatic predators in the 
riffl e sections occupied by sturgeon chub, but he noted 
that there were no reports of signifi cant predation of 
fl athead chub on sturgeon chub. 

In the historically turbid, variable fl ow 
environments of Great Plains river systems, sturgeon 
chubs probably had few sight-oriented aquatic predators 
(Pfl ieger and Grace 1987). In plains rivers that have 
been modifi ed by water management, decreases in fl ows 
and turbidities have been suggested to be detrimental 
to native chubs by allowing increases in sight-feeding 
predators (Pfl ieger and Grace 1987, Werdon 1992). In 
particular, walleye, white bass (Morone chrysops), and 
northern pike have been introduced or have increased in 
abundance in response to changed instream conditions 
(U.S. Fish and Wildlife Service 2001a). However, 
the magnitude of predator effects on sturgeon chub 
populations has not been quantifi ed. 

Platania and Altenbach (1998) reported that 
speckled chub, along with other minnows of the guild 
of broadcast-spawners, were repeatedly observed 
consuming eggs after spawning. Platania and 

Altenbach (1998) noted that egg predation was greatest 
immediately after spawning when the adults would 
“swim through the concentrated burst of eggs eating 
an undetermined number” prior to the expansion of 
the eggs. Egg predation was observed after the eggs 
had expanded, but to a lesser extent (Platania and 
Altenbach 1998). This suggests that egg predation may 
be a signifi cant form of intraspecifi c predation affecting 
sturgeon chub.

Competitors

Although several species of fi sh are often found 
in association with sturgeon chub, there are no data to 
indicate that competition for food or space is limiting 
the population size of sturgeon chubs. Gould (1997) 
reviewed the literature for reports of fi sh species captured 
with or near sturgeon chub and found 48 species of 
fi sh that were associated with sturgeon chub. Flathead 
chub, various species of Hybognathus, longnose dace 
(Rhinichthys cataractae), and various species of 
suckers (family Catostomidae) were the most common 
associates of sturgeon chub. Stewart (1981) reported 
fl athead chub, longnose dace, and plains minnow (H. 
placitus) were the most frequent associates of sturgeon 
chub in the Powder River in Wyoming. Welker (2000) 
reported the occurrence of several minnow species in 
addition to sturgeon chub in the Lower Yellowstone 
and Missouri rivers in North Dakota including fl athead 
chub, longnose dace, sicklefi n chub, western silvery 
minnow (H. argyritis), plains minnow, fathead minnow 
(Pimephales promelas), emerald shiner (Notropis 
atherinoides), spottail shiner (N. hudsonius), brassy 
minnow (H. hankinsoni), and common carp (Cyprinus 
carpio). Fisher (1999) collected sturgeon chub only 
from main channel habitats in the Missouri River and 
the Yellowstone River where it was associated with 
shovelnose sturgeon (Schaphirhynchus platorynchus) 
and sicklefi n chub.

Davis and Miller (1967) suggested that 
competition for food between sturgeon chub and 
sicklefi n chub is limited due to different feeding 
mechanisms. Stewart (1981) proposed that longnose 
dace and sturgeon chub shared the same niche in the 
Powder River, and reported that where one species was 
collected it was common to collect the other species as 
well. Werdon (1992) also considered longnose dace a 
sympatric species. Longnose dace may be a potential 
competitor for food, but aside from Stewart’s (1981) 
observations little is known regarding sturgeon chub 
feeding behavior. Werdon (1992) noted longnose dace 
were abundant in tributaries of the upper Missouri 
River basin and that their current distribution was 
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similar to historic records. Werdon (1992) suggested 
that because longnose dace were often collected in 
habitats other than gravel riffl es, were longer lived, and 
could spawn over sand or gravel substrates, they may 
be more likely to persist during unsuitable conditions 
than sturgeon chub.

Welker (2000) compared niche overlap among 
sturgeon chub, sicklefi n chub and fl athead chub in the 
Missouri River and the Yellowstone River in North 
Dakota. He found that fl athead chub used shallower, 
slower water than the others and that sturgeon chub 
used coarser substrates than sicklefi n chub. Sicklefi n 
chub and sturgeon chub exhibited high overlap in their 
use of deep, high velocity habitats. Welker (2000) noted 
that Everett (1999) frequently captured the two species 
together in deep, high velocity habitats. Everett (1999) 
also found sturgeon chub used faster, deeper water with 
coarser substrates than sicklefi n chub. Welker (2000) 
suggested that sturgeon chub can utilize habitats with 
a variety of depths and velocities, but within that range 
they favor habitat with coarse substrate. 

Werdon (1992) suggested that sturgeon chub may 
compete with speckled chub for appropriate spawning 
habitat, which could promote hybridization between the 
species. Because the spawning behavior and habitats 
of the sturgeon chub have not been described, the 
infl uence of potential competition for spawning habitat 
with speckled chub on sturgeon chub populations 
cannot be determined.

Parasites and disease

The occurrence or effects of parasites and 
disease on sturgeon chub have not been studied or 
well documented. Werdon (1992) reported fi nding one 
sturgeon chub in the Powder River with a leech attached 
to a pectoral fi n and mentioned collecting a few with 
black spot disease, Uvulifer spp.

Symbiotic and mutualistic interactions

No symbiotic or mutualistic interactions have 
been documented.

Envirogram of ecological relationships

An envirogram is a useful way of depicting the 
ecological relationships that infl uence the survival 
and reproductive success of a species (Andrewartha 
and Birch 1984). The envirogram is built around a 
centrum of four components that together encompass 
all the major ecological relationships important to the 

species. These four components are termed resources, 
malentities, predators, and mates. Environmental 
(including biotic) factors that modify the four 
components form a web extending to several levels of 
indirect causation. For example, aquatic invertebrates 
may be important as food for a fi sh species and thus 
constitute one of the major categories for the resource 
component of the centrum. The abundance of aquatic 
invertebrates, in turn, is determined by a hierarchy 
of environmental factors that constitute the web. For 
example, invertebrate abundance is infl uenced by 
algal production, which, in turn, is infl uenced by water 
fertility, which, in turn, is infl uenced by watershed 
geology and land-use. 

An envirogram depicting the centrum and web 
for sturgeon chub is presented in Figure 6. The major 
resource needed by sturgeon chub is food, which 
consists of invertebrates of both aquatic and terrestrial 
origin. The abundance of aquatic invertebrates depends 
on their food sources (e.g., algae and detritus), and 
these, in turn, depend upon a series of abiotic factors 
and human alterations of the watershed. The abundance 
of terrestrial invertebrates depends on the condition and 
productivity of the riparian vegetation. 

Among the major malentities are increased risk 
of extirpation due to habitat fragmentation, reduced 
movement ability that prevents access to refugia or 
recolonization after local extirpation, and increased 
competition from fishes better-adapted to reservoir 
or clear water habitats (Figure 6). All of these factors 
are primarily a consequence of building large, flood 
control and water storage reservoirs on the large 
rivers throughout the range of the sturgeon chub. 
These reservoirs alter streamfl ows by converting large 
sections of rivers into standing water habitats that are 
suboptimal for riverine species such as the sturgeon 
chub. Reservoirs also act as sediment traps and thus 
reduce the turbidity of outfl ow waters. The sturgeon 
chub is adapted for life in highly turbid rivers and 
often suffers population declines when water clarity is 
increased. Although the mechanism for such declines 
is not known, increasing competition for food by 
sight-feeding minnows, such as emerald shiner, or 
increased predation by piscivorous fish might play a 
role (Pfl ieger 1997).

In regard to predators, piscivorous fi sh are likely 
the major predators although no studies quantifying 
their impact on sturgeon chub populations have been 
conducted (Figure 6). Predation is likely to increase 
after reservoir construction as a suite of piscivorous 
species favored as sportfi sh typically increase as 
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fl owing water is converted to standing water habitat, 
and as remaining riverine reaches experience more 
moderate fl ow regimes and decreased turbidity.

Under mates, reduced survival of eggs and larvae 
is thought to occur when flood events are moderated by 
reservoir construction (Figure 6). This is because high 
fl ows are needed to keep the semi-buoyant eggs and 
larvae suspended in the water column as they complete 
development. Also, survival of eggs and larvae that 
drift downstream into reservoirs is thought to be low 
because such habitats contain a host of predators, 
and the lack of currents would cause these life stages 
to settle out of the water column. Another suspected 
source of mortality involves entrainment of eggs and 
larvae into irrigation diversions.

CONSERVATION

Potential Threats

The major threats to sturgeon chub involve 
habitat alterations associated with the development 
and operation of reservoirs on large rivers. These 
include conversion of riverine habitat to standing water 
habitat, reduction of turbidity, and fragmentation of 
once continuous rivers into small, free-fl owing reaches 
isolated from other such reaches by dams and reservoirs. 
Six large dams were constructed on the Missouri River 
main stem between 1937 and 1964, and as a result, 36 
percent of the original riverine habitat has been replaced 
by reservoir habitat and 24 percent has been altered by 
changes in water temperature and fl ow related to dam 
operations (U.S. Fish and Wildlife Service 1993). 

Reservoirs also reduce sediment load, making 
Great Plains rivers less turbid and more confi ned in 
narrower, deeper channels than they were historically. 
Consider that in the lower Kansas River, average 
sediment yield declined from 23.48 x 109 kg/yr during 
1958 to 1961 (before completion of an extensive 
reservoir system) to 7.71 x 109 kg/yr during 1978 to 
1980 (after reservoir completion). Thus, sediment loads 
in the Kansas River have declined to only 33 percent 
of pre-impoundment levels (Sanders et al. 1993). A 
similar phenomenon occurred in the Missouri River 
where water turbidity declined to only 25 percent 
of historic levels after construction of many large, 
mainstem impoundments during the middle of the 20th 

century (Pfl ieger and Grace 1987). Reduced turbidity in 
Great Plains rivers has resulted in replacement of fi shes 
tolerant of turbid waters, including the fl athead chub 
and sturgeon chub, with species characteristic of clearer 
waters such as gizzard shad (Dorosoma cepedianum), 

and several species of minnows and centrarchids (Cross 
and Moss 1987). 

Dams cause a loss of connectivity in a drainage 
network that can exacerbate the loss of fi sh populations 
caused by drought, channel dewatering due to irrigation, 
or poor water quality. In some cases, populations of 
fi shes have been extirpated after stream reaches became 
isolated from the rest of the watershed by construction 
of a dam. Kelch (1994) surveyed the Little Missouri 
River after a six-year drought and reported sturgeon 
chub were absent upstream of the Garrison Dam. Kelch 
(1994) proposed that the intermittent fl ow, clear water, 
silty substrate, and freezing conditions in the Little 
Missouri River during the drought were responsible 
for the apparent extirpation of sturgeon chub from the 
river. The dam and the 67 km (41.6 mi) long Lake 
Sakakawea Reservoir behind it were thought to have 
prevented sturgeon chub from using the Missouri River 
as a refuge during drought conditions and preventing 
recolonization once normal fl ows returned to the Little 
Missouri River. Kelch (1994) pointed out that sturgeon 
chub populations did not decline in the Yellowstone 
River, which does not have an impounded confl uence. 
A similar disruption in recolonization processes by 
reservoirs was considered a main reason for the loss 
of two species of minnows in portions of the Arkansas 
River basin (Luttrell et al. 1999). 

Platania and Altenbach (1998) suggested 
that eggs and larvae of species that produce semi-
buoyant eggs may drift signifi cant distances during 
development, depending on current velocities and water 
temperatures. In systems with many impoundments, 
eggs and fry may be entrained in reservoirs where they 
encounter heavy predation. 

Irrigation diversion structures are another 
potential threat to sturgeon chub populations. Most 
diversion structures utilize low-head dams to divert 
water into irrigation canals. Fish, especially eggs and 
fry stages, are entrained into the canals and then die in 
the irrigated fi elds or in the canals after water diversion 
is stopped at the end of the irrigation season. Few 
studies have quantifi ed the loss of nongame fi shes in 
irrigation canals. An exception is work done by the 
U.S. Bureau of Reclamation at an intake structure on 
the lower Yellowstone River. The intake structure did 
not have a fi sh screen, and it was estimated that 289,000 
+ 113,000 sturgeon chub were entrained between 1996 
and 1998 (U.S. Fish and Wildlife Service 2001a). The 
potential for entrainment to be a signifi cant problem 
is evident by the fact that there are six low-head dam 
diversion structures on the lower Yellowstone River 
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below Billings, Montana and fi ve structures on the 
Tongue River, a tributary of the Yellowstone River. 
Water withdrawal may also result in river currents that 
are too low to keep eggs and developing larvae afl oat 
for the necessary developmental period (Platania and 
Altenbach 1998).

Piscivores, such as walleye, white bass, and 
largemouth bass, along with potential competitors 
such as gizzard shad, emerald shiner, and red shiner 
(Cyprinella lutrensis) have been widely introduced 
throughout the native range of the sturgeon chub 
(U.S. Fish and Wildlife Service 2001a, Quist et al. 
2004a). However, none of the literature we reviewed 
quantifi ed the impact of nonnative species on sturgeon 
chub populations. It should be noted, however, that the 
negative effects of nonnative species on sturgeon chub 
are ultimately the result of habitat changes caused by 
reservoirs. Nonnative species are favored by the less 
turbid and lentic habitat created by reservoirs and are 
not abundant in riverine reaches that have remained 
turbid, fast-fl owing, and subject to natural peak fl ow 
hydrographs (Quist et al. 2004a).

Coalbed methane development in northeastern 
Wyoming and southeastern Montana poses a potential 
threat to sturgeon chub populations in the Powder and 
Tongue river basins (U.S. Fish and Wildlife Service 
2001a). Methane trapped in coal beds is extracted 
by pumping water out of the formation to reduce the 
hydrostatic pressure and release the gas. The water can 
be injected into underground aquifers or discharged on 
the surface. Discharged water that fi nds its way into the 
Powder or Tongue river drainages is a potential problem 
due to high levels of sodium and total dissolved solids, 
and because concentrations of trace elements such as 
arsenic, cadmium, copper, iron, lead, selenium, and zinc 
may exceed aquatic chronic criteria. Coalbed methane 
production has expanded rapidly in recent years and has 
the potential to negatively impact sturgeon chub and 
other native fi shes in these drainages (Freilich 2004).

As noted earlier, a small percentage of hybrids 
of sturgeon chub/speckled chub crosses or sturgeon 
chub/sicklefi n chub crosses have been reported in fi sh 
collections from the Missouri River in Missouri (see 
section on Genetic Characteristics and Concerns). The 
potential impacts of hybridization appear to be minor at 
this time but warrant further monitoring (U.S. Fish and 
Wildlife Service 2001a).

Conservation Status of Sturgeon Chub 
in the Rocky Mountain Region

Sturgeon chub has declined in distribution and/or 
population abundance throughout portions of the Great 
Plains region. There is concern about the long-term 
conservation status of this species in the four states 
within Region 2 that historically had this species. Within 
Region 2, sturgeon chub did not historically occur 
in Colorado and is not considered a state threatened, 
endangered, or sensitive species in Nebraska (Table 
1). However, the sturgeon chub is listed as a state 
threatened species in Kansas and South Dakota. In 
Wyoming, the species has a Native Species Status of 1 
(NSS1), which indicates it is considered vulnerable to 
extirpation because populations are physically isolated 
and/or exist at extremely low densities and habitat is 
declining or vulnerable. The Natural Heritage Rank of 
the Nature Conservancy is critically imperiled (S1) or 
imperiled (S2) in the four states within Region 2 where 
the species historically occurred (Table 1).

Most of the declines occurred during the last 
half of the 20th century and were associated with the 
construction of large impoundments on large rivers in 
the region. Population declines resulting from these 
dams can be mainly attributed to the loss of historic 
fl ow regimes, turbid conditions, habitat connectivity, 
and the introduction of nonnative species. The species 
currently occupies about one-half of its historic range. 
Remaining populations are fragmented but most 
appear to be retaining viable populations. However, 
because fragmented populations are vulnerable to 
extirpation and are less likely to be re-established by 
recolonization, continued monitoring of remaining 
populations is warranted.

Potential Management of the Species 
Region 2

Implications and potential conservation 
elements

Management actions aimed at preserving 
entire assemblages prior to severe imperilment are 
considered the best approach to conservation of native 
species. For example, Moyle et al. (1998) described 
how the return of a more normal fl ow regime in a 
California stream benefi ted an entire assemblage of 
native fi shes. The case had been in litigation, and the 
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judge ruled that maintaining fi sh in “good condition” 
included preserving an assemblage of native, nongame 
species even though none of the component species 
was endangered. The major management actions that 
would benefi t native fi shes characteristic of turbid 
prairie streams are preserving natural streamfl ows 
and turbidity levels, maintaining stream connectivity, 
preventing establishment of nonnative piscivores, 
and avoiding introductions of nonnative small-bodied 
fi shes from other Great Plains watersheds (Fausch and 
Bestgen 1997).

The decline in sturgeon chub populations is 
largely associated with the loss of their habitat in 
fl uctuating, turbid, prairie rivers. The primary reason 
for the loss of habitat is reservoir construction, and 
thus restoring natural fl ow regimes and turbidity levels 
would facilitate recovery of sturgeon chub populations. 
Efforts are being made to return more natural conditions 
to large river systems, such as the Missouri River, by 
restoring natural channel and fl oodplain morphology 
and fl oodplain vegetation (Hess et al. 1989). Such 
efforts will benefi t numerous aquatic and terrestrial 
wildlife species, especially those that rely on the river-
fl oodplain linkage. Furthermore, such restoration efforts 
often can be done without removing dams or their 
associated reservoirs by recovering oxbows, sandbars, 
vegetated backwater areas, and seasonal fl oodplains 
that were lost due to channelization (Hess et al. 1989).

Although some semblance of a natural fl ow 
regime can be recreated by regulated release of water 
from dams (Poff et al. 1997), restoration of year-
round turbid water conditions has not been attempted. 
Given the political diffi culties of removing existing 
dams for strictly ecological reasons (Hart et al. 2002), 
maintaining the remaining unimpounded reaches 
of turbid prairie rivers in a free-fl owing state would 
appear to be a conservation priority. Furthermore, 
maintaining such rivers in their naturally turbid state 
would benefi t a suite of fi sh species that have declined 
following impoundment of prairie streams such as 
fl athead chub, sturgeon chub, plains minnow, and pallid 
sturgeon (Cross and Moss 1987, U.S. Fish and Wildlife 
Service Web site http://www.fs.fed.us/r2/nebraska/
gpng/usfwslist.html). An example of such a river is the 
highly turbid Powder River in Wyoming. Hubert (1993) 
noted that this relatively pristine river has retained a 
largely native fi sh fauna that includes fl athead chub and 
sturgeon chub and thus has special value as a remnant 
of what Great Plains river ecosystems were like prior to 
anthropogenic alterations. Also, the Missouri River in 
Missouri appears to have maintained a relatively stable 

population of sturgeon chubs since the 1940’s (Grady 
and Milligan 1998). 

Efforts to mitigate fi sh and wildlife resources lost 
due to the construction and operation of the Missouri 
River Bank Stabilization and Navigation Project 
have the potential to create additional habitat for 
sturgeon chub, such as sandbars with current velocities 
mimicking historical conditions in the Missouri River 
within the states of Missouri, Kansas, Iowa, and 
Nebraska (U.S. Fish and Wildlife Service 2001a). 
Preliminary monitoring in Nebraska and Missouri 
suggests an increase in sturgeon chubs at several 
mitigation sites where restoration of side channel and 
sandbar habitat has been undertaken. A biological 
opinion rendered under the Endangered Species Act 
regarding the Army Corps of Engineer’s operation 
of the Missouri River main stem system will benefi t 
sturgeon chub. The biological opinion was completed 
in November of 2000 by the USFWS and covered the 
pallid sturgeon, a species that inhabits large turbid rivers 
and uses habitat similar to the sturgeon chub (U.S. Fish 
and Wildlife Service 2000). The USFWS found that to 
avoid jeopardizing the continued existence of pallid 
sturgeon, restoration of a portion of suitable riverine 
habitat and hydrologic conditions on river segments 
between Fort Peck and the headwaters of Lake 
Sakakawea, and the river below Gavins Point Dam to 
the confl uence with the Mississippi River is necessary. 
Proposed changes include implementing a spring 
rise and summer drawdown from Gavins Point Dam 
that would restore spawning cues for fi sh, promoting 
development of sandbar habitat, and reconnecting the 
main channel to backwater and side channel habitats. 
A spring release from Fort Peck Dam would provide 
spawning cues and increase the amount of warm 
water habitat available for pallid sturgeon and other 
native fi shes, such as sturgeon chub. The Army Corp 
of Engineers also proposes to increase the amount of 
shallow water habitat (<1.5 m deep [4.9 ft.], <12 cm/s 
[0.4 ft./s] current velocity) by restoring side channels 
and backwater areas. If these changes are implemented, 
the USFWS expects benefi cial impacts for native fi shes 
such as sturgeon chub.

Tools and practices

Inventory and monitoring of populations and 
habitat

Most inventory efforts have involved determining 
the presence or absence of sturgeon chub at a range 
of sites across major drainages. Such inventories 
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typically involve collecting all species at a site using 
seining or electrofi shing techniques. Often, the results 
are compared with earlier inventories to determine 
which species have decreased and which species have 
increased their geographic range. For example, the 
distributions of native fishes in the Missouri River 
drainage collected in 1989 and 1990 were compared 
with distributions reported in earlier surveys starting 
in 1926 (Werdon 1992). Patton et al. (1998) compared 
species distributions in the 1990’s with distributions 
from a fish survey done in the 1960’s. Fish assemblages 
in the Missouri River in Missouri were sampled at the 
same series of sites from the 1940’s to the 1990’s 
(Grady and Milligan 1998). An important aspect 
of such monitoring efforts is that the same sites are 
sampled over time. Most recent fish surveys rarely 
involved the same set of sites from earlier surveys, 
making it diffi cult to quantify changes in the occurrence 
of fishes such as the sturgeon chub. Although one can 
determine if a species is still present within a drainage, 
it is diffi cult to determine if the species is increasing 
or decreasing in abundance. This makes it diffi cult to 
identify species in the early stages of decline because 
we often can not recognize declines until a species is 
lost from a drainage basin.

Historically, seining or electrofi shing in shallow 
waters were the main techniques used to sample 
small-bodied fi sh species in prairie streams. However, 
these techniques cannot be used effectively or safely 
in the deep, fast water habitats occupied by sturgeon 
chub. Since 1994, researchers have found that benthic 
trawling is a more effective method of collecting 
sturgeon chub in such habitats, particularly at water 
depths greater than 1 m (3.3 ft.) (U.S. Fish and Wildlife 
Service 2001a). For example, Welker (2000) sampled 
four river segments in the confl uence area of the 
Missouri and lower Yellowstone rivers using seines in 
shallow channel border habitat of depths up to 1.5 m 
(4.9 ft.) and a benthic trawl to collect fi sh in the deep 
water habitat of the main channel. The results indicated 
the importance of sampling deeper water, as 85 percent 
of the 155 sturgeon chubs collected were caught in the 
main channel habitat by trawling and only 15 percent 
were collected in shallow border habitat by seining. 

Since 1994, when the USFWS was petitioned to 
list the sturgeon chub as endangered, a number of fi eld 
studies have been conducted to sample populations of this 
species (summarized in U.S. Fish and Wildlife Service 
2001a). However, these surveys are primarily aimed 
at determining the geographic distribution of sturgeon 
chub and not at estimating population abundance. Thus 
we know little about population trends over time for this 

species. In fact, population censuses would be diffi cult 
given the habitat that this species occupies. Mark-
recapture or depletion methods of population estimation 
would not likely be feasible as recapture rates would be 
low and assumptions about closed populations diffi cult 
to validate. Thus, monitoring population trends for this 
species is most likely to involve catch-per-unit effort 
statistics whereby the same river reaches are sampled 
by the same gear types over successive time intervals. 
It is likely that individual populations would show 
fl uctuations in population size given that the species 
occurs in hydrologically variable systems. 

There has been virtually no systematic 
inventorying or monitoring of instream habitats of 
Great Plains streams, except for occasional studies 
involving single streams and time periods seldom 
exceeding a decade (e.g., Bramblett and Fausch 1991). 
There have been some synoptic papers describing 
broadscale changes in plains streams during the past 
century, especially for larger rivers (e.g., Cross and 
Moss 1987, Pfl ieger and Grace 1987, Hesse et al. 
1989, Berry and Galat 1993, Limbird 1993, Sanders 
et al. 1993). The USFWS (2001b) estimated that over 
1,000 miles of habitat in the Missouri River that was 
historically suitable for sturgeon chub have been lost 
due to reservoir construction, impoundments, and 
irrigation development. 

A promising approach for identifying watersheds 
that have the appropriate habitat conditions to support 
sturgeon chub populations is the coupling of habitat 
modeling with a Geographic Information System (GIS). 
The idea is to identify features such as thermal regime, 
stream gradient, stream size, and watershed geology 
that are associated with the presence of sturgeon chub 
and then use modeling approaches such as logistic 
regression to predict which watersheds across a large 
region have similar features (Scott et al. 2002). This 
approach has been used to identify watersheds in 
South Dakota where the sturgeon chub is predicted to 
occur (http://wfs.sdstate.edu/sdgap/sdgap.htm). With 
this information, biologists can focus fi sh surveys on 
drainages that have a high probability of supporting 
sturgeon chub in an effort to identify new populations. 
This information also can be used to identify watersheds 
that lack sturgeon chub but have the habitat conditions 
to support this species; such watersheds would be prime 
areas for reintroduction efforts.

Population or habitat management practices

The establishment of preserves for native Great 
Plains fi shes has lagged behind efforts to preserve native 
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coldwater fi sh species in the region, especially cutthroat 
trout (Oncorhynchus clarki) (Young 1995). However, 
management agencies are increasing their interest in the 
conservation of native nongame fi sh species (Nesler et 
al.1999, Weitzel 2002). We found no state management 
plans or conservation strategies that specifi cally target 
the recovery of sturgeon chub within Region 2 of 
the USFS. At the federal level, a broad scale effort 
to mitigate fi sh and wildlife resources lost due to the 
construction and operation of the Missouri River Bank 
Stabilization and Navigation Project has the potential to 
create additional sandbar habitat in the Missouri River 
(U.S. Fish and Wildlife Service 2001a). The objectives 
include reclaiming and reconnecting fi lled-in chutes and 
backwaters, and reconnecting fl oodplain habitats to the 
river during the spring fl ood pulse. 

The USFWS found that to avoid jeopardizing 
the continued existence of pallid sturgeon, restoration 
of a portion of suitable riverine habitat and hydrologic 
conditions on the Missouri River between Fort Peck and 
the headwaters of Lake Sakakawea, and below Gavins 
Point Dam to the confl uence with the Mississippi 
River is necessary (U.S. Fish and Wildlife Service 
2000). Proposed changes involving fl ow enhancement, 
temperature modifi cations, and habitat restoration 
will benefi t other native fi shes beside pallid sturgeon, 
including sturgeon chub.

It is not known if supplementing existing 
populations or translocating individuals to re-establish 
extirpated populations is feasible. One reintroduction 
effort has been tried. In 1997, the USFWS began 
efforts to re-establish extirpated populations of the 
sturgeon chub in the Little Missouri River at the South 
Unit of Theodore Roosevelt National Park in North 
Dakota (U.S. Fish and Wildlife Service 2001a). Chubs 
captured in the lower Yellowstone River in Montana 
were released in the Little Missouri River from 1998 
to 2000. However, test netting after the introductions 
yielded no sturgeon chubs, and it does not appear that 
this reintroduction effort was successful.

Given the large economic cost and political 
diffi culties of removing dams or undoing channelization, 
maintaining the remaining free-fl owing reaches of 
prairie rivers should be a high conservation priority. 
The Powder River in Wyoming is such a remnant 
prairie stream that retains a largely intact, native 
fi sh fauna that includes sturgeon chub (Hubert 1993, 
Quist et al. 2004a). Also, attention needs to be given 
to maintaining fl ows in streams that were historically 
perennial. Perennial fl ows are threatened by extraction 
of groundwater for agricultural and municipal use, 

especially in the Ogallala-High Plains aquifer (Dodds 
et al. 2004).

Information Needs

There is little information available concerning 
population trends for sturgeon chubs at specifi c locations 
within the Region 2. Recent success in using benthic 
trawls to sample deep, fast water habitats suggests that 
this would be a feasible method for collecting catch-per-
unit-effort data to monitor population trends (see Tools 
and practices; Inventory and monitoring of populations 
and habitat). Measures of catch-per-unit-effort provide 
a cost-effective index of fi sh abundance and are useful 
for trend monitoring (Hubert 1996, Ney 1999).

Little is known about the main factors limiting 
population size for sturgeon chubs. Information on 
spawning ecology would help to determine if reduced 
recruitment is a major factor in the decline of sturgeon 
chub in impounded river systems. Sturgeon chub belong 
to a spawning guild of fi shes whose semi-buoyant eggs 
and newly-hatched larvae may fl oat long distances 
downstream during development (Bonner and Wilde 
2000). Where this occurs, conservation efforts would 
entail either preserving or restoring long reaches of 
free-fl owing streams for these species.

For adult sturgeon chubs, little is known about the 
role of competitors or predators in limiting population 
size or how these factors interact with turbidity. 
Reductions in turbidity may be a reason for the decline 
of sturgeon chubs. The mechanisms by which reduced 
turbidity reduces sturgeon chub populations have been 
postulated to include increased competition from other 
site-feeding fi sh species and increased predation by 
visually-oriented piscivorous fi shes (see sections on 
Predators and Competitors.) Further information on 
the interaction of competition, predation, and reduced 
turbidity in limiting sturgeon chub populations would 
provide insights as to whether restoration of high 
turbidity levels is a necessary condition for recovery of 
sturgeon chub populations in systems where competing 
species and predators are currently abundant.

There is a major gap in our knowledge of 
vital rates important in understanding and modeling 
population demographics. Age-specifi c survival rates 
have not been determined directly and have to be 
inferred from the few studies that present size or age-
class frequency histograms. There is no information 
on egg hatching rates in the wild, and this parameter 
could be determined only by estimating survival 
rates for other age classes and then back-solving the 
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demographic matrix assuming a stable population 
size (details in section on Demography). Information 
on the spatial and temporal variability of vital rates 
is important for modeling population fl uctuations and 
extinction probabilities.

Standardized protocols for assessing habitat 
conditions of prairie streams need to be developed. 
Historically, most efforts to measure habitat quality in 
streams have involved coldwater streams and salmonid 
sportfi shes. Recently, there has been increased attention 
to quantifying and monitoring warmwater streams 
and nongame fi shes (Bain and Stevenson 1999). An 
example of a habitat assessment protocol that might be 

appropriate for prairie streams has been developed by 
the Wyoming Game and Fish Department (Quist et al. 
2004b). This protocol details techniques for measuring 
habitat features important at the reach scale (e.g., 
elevation, turbidity, intermittence) as well as features 
important at the channel-unit scale (e.g., depth, substrate 
characteristics, availability of cover). The protocol 
also attempts to assess anthropogenic disturbances 
to streams such as those leading to degraded water 
quality, disruptions of movement pathways for fi sh, or 
introduction of nonnative species. Such protocols could 
prove useful in detecting changes in habitat conditions 
before they cause extirpations of fi sh populations and in 
guiding rehabilitation efforts.
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DEFINITIONS

Connectivity refers to the pathways that allow fi sh to move about a drainage and to recolonize areas after local 
extinctions have occurred. Dams and road culverts often interrupt the connectivity of a drainage.

Environmental fl uctuations are changes in habitat conditions such as temperature, salinity, oxygen concentration, or 
the amount of water fl owing in a stream.

Fecundity is the number of eggs produced by a female fi sh.

Habitat capability refers to the ability of a habitat to support a species.

Intermittent tributary is a stream that fl ows into a larger stream and that ceases to fl ow during certain periods of the 
year. The stream may dry up completely or exist as a series of pools.

Meristic character is an anatomical feature that can be counted, such as the number of spines on the dorsal fi n or the 
number of scales along the lateral line of a fi sh. Meristic characters are frequently used to identify fi sh species using 
a taxonomic key.

Metapopulations are spatially isolated populations that function as independent populations but that can exchange 
occasional individuals. This exchange allows extirpated populations to become re-established.

Microhabitats are the localized habitat conditions used by organisms.

Morphometric character is an anatomical feature that can be measured such as the length of various body parts or 
ratios of body parts (e.g., diameter of the eye divided by the length of the head). Morphometric characters are used to 
identify fi sh species using a taxonomic key.

National Heritage Rank of the Nature Conservancy is a system of rating the conservation status of species based 
on the following categories: S1 = critically imperiled (≤ 5 occurrences, very small range); S2 = imperiled (6 to 20 
occurrences, small range); S3 = vulnerable (21 to 100 occurrences, restricted range); S4 = apparently secure (>100 
occurrences, uncommon not rare), S5 = secure (widespread and abundant)

Piscivorous means “fi sh-eating”.

Range of variability refers to the set of habitat conditions that a species must tolerate in order to survive.

Sensitive species as defi ned by the U.S. Forest Service is a plant or animal whose population viability is identifi ed as a 
concern by a Regional Forester because of signifi cant current or predicted downward trends in abundance or in habitat 
capability that would reduce its distribution.

Sink populations are populations where the death rate exceeds the birth rate. Sink populations require continual 
immigration from nearby populations if they are to avoid going extinct.

Source populations are populations where the birth rate exceeds the death rate and thus these populations are a source 
of emigrants to nearby areas, including sink populations.

Species of concern is a species that has declined in abundance or distribution to the point that management 
agencies are concerned that further loss of populations or habitat will jeopardize the persistence of the species 
within that region.

Species viability refers to the likelihood that a species will continue to persist.

Vital rates refer to demographic characteristics such as birth rate, fecundity, and survival rate that determine the 
growth rate of a population.
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 APPENDIX

Matrix Population Analysis of 
Population Demographics for Sturgeon 

Chub
The studies of Stewart (1981), Werdon (1992), 

and Gould (1997) provided the basis for formulating 
a life cycle graph for sturgeon chub that comprised 
fi ve age-classes, and assigned fi rst reproduction to 
the second age-class (Figure 5 of assessment). The 
egg production rates described by Stewart (1981) and 
Werdon (1992) provided the basis for calculating age-
specifi c fertilities. Survival rates for “adults” came 
from Werdon (1992). Because no estimate for fi rst-year 
survival was available, fi rst-year survival (P

21
) was 

assigned a value that yielded a population growth rate 
(λ) of 1.0. This “missing element” method (McDonald 
and Caswell 1993) is justifi ed by the fact that, over 
the long term, λ must be near 1 or the species will go 
extinct or grow unreasonably large. From the resulting 
life cycle graph (Figure 5 of assessment), we produced 
a matrix population analysis with a post-breeding 
census (McDonald and Caswell 1993, Caswell 2000). 
The model has two kinds of input terms: P

i
 describing 

survival rates, and m
i
 describing fertilities (Table 4 of 

assessment). Figure 1A of the assessment shows the 
symbolic terms in the projection matrix corresponding 
to the life cycle graph. It also gives the corresponding 
numeric values. The model assumes female demographic 
dominance so that, for example, fertilities are given as 
female offspring per female; thus, the egg number used 
was half the total clutch, assuming the 1:1 sex ratio 
noted by Gould (1997). The population growth rate (λ) 
is 1.001 based on the estimated vital rates used for the 
matrix. Although this suggests a stationary population, 
the value was used as an assumption for deriving a vital 
rate, and it should not be interpreted as an indication 
of the general well-being of the population. Other parts 
of the analysis provide a better guide for assessment. It 
is important to note that, in contrast to some fi sheries 
terminology, the convention here is ordinal numbering 
beginning with 1 (fi rst, second, third and fourth age-
classes). Thus, age-class 0 in fi sheries terminology 
corresponds to age class 1 in the matrix model. Each 
age-class describes a one-year census interval period, 
such as the age-class that begins with an egg at the 
census and proceeds to the birthday of that egg as a 
yearling (as described by the survival arc P

21
 in Figure 

5 in assessment).

Sensitivity analysis

A useful indication of the state of the population 
comes from the sensitivity and elasticity analyses. 
Sensitivity is the effect on population growth rate (λ) 
of an absolute change in the vital rates (a

ij
, the arcs in 

the life cycle graph [Figure 5 in assessment] and the 
cells in the matrix, A [Figure A1]). Sensitivity analysis 
provides several kinds of useful information (Caswell 
2000). First, sensitivities show “how important” a given 
vital rate is to population growth rate (λ) or fi tness. For 
example, one can use sensitivities to assess the relative 
importance of survival (P

i
) and reproductive (F

i
) 

transitions. Second, sensitivities can be used to evaluate 
the effects of inaccurate estimation of vital rates from 
fi eld studies. Inaccuracy will usually be due to paucity 
of data, but could also result from use of inappropriate 
estimation techniques or other errors of analysis. In 
order to improve the accuracy of the models, researchers 
should concentrate additional effort on transitions with 
large sensitivities. Third, sensitivities can quantify the 
effects of environmental perturbations, wherever those 
can be linked to effects on stage-specifi c survival or 
fertility rates. Fourth, managers can concentrate on the 
most important transitions. For example, they can assess 
which stages or vital rates are most critical to increasing 
the population growth (λ) of endangered species or 
the “weak links” in the life cycle of a pest. Figure A2 
shows the “possible sensitivities only” matrix for this 
analysis (one can calculate sensitivities for non-existent 
transitions, but these are usually either meaningless or 
biologically impossible — for example, the sensitivity 
of λ to moving from Age-class 3 to Age-class 2).

In general, changes that affect one type of age-class 
or stage will also affect all similar age-classes or stages. 
For example, any factor that changes the annual survival 
rate of Age-class 3 females is very likely to cause 
similar changes in the survival rates of other “adult” 
reproductive females (those in Age-classes 4 and 5). It 
is, therefore, usually appropriate to assess the summed 
sensitivities for similar sets of transitions (vital rates). 
For this model, the result is that the summed sensitivity 
of population growth rate (λ) to changes in survival is of 
overriding importance. Sturgeon chub show sensitivity 
(100 percent of total) only to changes in survival, with 
fi rst-year survival alone accounting for 99.9 percent 
of the total. The major conclusion from the sensitivity 
analysis is that first-year (egg to yearling) survival is 
overwhelmingly important to population viability.
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Figure A1. The top matrix shows symbolic values for the projection matrix of vital rates, A (with cells a
ij
) 

corresponding to the sturgeon chub life cycle graph of Figure 5 of the assessment. Meanings of the component terms 
and their numeric values are given in Table 4 of the assessment. The bottom matrix presents the numeric values used 
for the matrix analysis.

Age 1 2 3 4 5
1 P

32
m

2
P

43
m

3
P

54
m

4

2 P
21

3 P
32

4 P
43

5 P
54

Age 1 2 3 4 5
1 550 600 200 0

2 0.00122

3 0.4

4 0.4

5 0.4

Elasticity analysis

Elasticities are useful in resolving a problem 
of scale that can affect conclusions drawn from the 
sensitivities. Interpreting sensitivities can be somewhat 
misleading because survival rates and reproductive 
rates are measured on different scales. For instance, 
a change of 0.5 in survival may be a large alteration 
(e.g., a change from a survival rate of 90 to 40 percent). 
On the other hand, a change of 0.5 in fertility may be a 
very small proportional alteration (e.g., a change from 
a clutch of 3,000 eggs to 2,999.5 eggs). Elasticities 
are the sensitivities of population growth rate (λ) to 
proportional changes in the vital rates (a

ij
) and thus 

partly avoid the problem of differences in units of 
measurement. The elasticities have the useful property 
of summing to 1.0. The difference between sensitivity 
and elasticity conclusions results from the weighting 

of the elasticities by the value of the original arc 
coeffi cients (the a

ij
 cells of the projection matrix). 

Management conclusions will depend on whether 
changes in vital rates are likely to be absolute (guided 
by sensitivities) or proportional (guided by elasticities). 
By using elasticities, one can further assess key life 
history transitions and stages as well as the relative 
importance of reproduction (F

i
) and survival (P

i
) for a 

given species. 

Elasticities for sturgeon chub are shown in 
Figure A3. Population growth rate (λ) is most elastic to 
changes in fi rst-year survival (e

21
 = 42.2 percent of total 

elasticity on arc P
21

, the arc from the fi rst to the second 
node in Figure 5 of assessment). Next most elastic is 
fi rst-time reproduction by second-year fi sh (e

12
 = 28.3 

percent of total elasticity on arc F
12

, the reproductive 
arc from the second node back to the fi rst). Third most 

Figure A2. Possible sensitivities only matrix, S
p
 (blank cells correspond to zeros in the original matrix, A). The 

three transitions to which the population growth rate (λ) of sturgeon chub is most sensitive are highlighted: fi rst-year 
survival (Cell s

21
 = 346.3, >99.9 percent of the total), second-year survival (s

32
 = 0.349), and third-year survival (s

43
 

= 0.041).

Age 1 2 3 4 5
1 0 0 0

2 346.3

3 0.349

4 0.041

5 0
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important is survival of second-year fi sh (14 percent 
of total elasticity). The sensitivities and elasticities for 
sturgeon chub correspond in emphasizing fi rst-year 
survival, although fi rst-year survival is relatively far 
more important in the sensitivity analysis (>99.9 percent 
compared to 42.2 percent in the elasticity analysis). The 
summed survival elasticities account for 57.8 percent 
of the total (compared to 42.2 percent for the summed 
reproductive elasticities). Thus, survival through the fi rst 
two nonreproductive years, and fi rst-time reproduction, 
are the data elements that warrant careful monitoring in 
order to refi ne the matrix demographic analysis.

Other demographic parameters

The stable age distribution (Table A1) describes 
the proportion of each age-class in a population at 
demographic equilibrium. Under a deterministic model, 
any unchanging matrix will converge on a population 
structure that follows the stable age distribution, 
regardless of whether the population is declining, 
stationary or increasing. Under most conditions, 
populations not at equilibrium will converge to the 
stable age distribution within 20 to 100 census intervals. 
For sturgeon chub at the time of the post-breeding 
annual census (just after the end of the breeding 
season), eggs represent 99.8 percent of the population. 
Table A1 of the assessment also has a column showing 
what the stable age distribution is after omitting the egg 

portion, in order to show the “non-egg” distribution. 
Reproductive values (Table A2) describe the “value” 
of a stage as a seed for population growth relative to 
that of the fi rst (newborn or, in this case, egg) stage. 
The reproductive value of the fi rst stage is always 1.0. 
A female individual in Age-class 2 is “worth” 821 
eggs, and so on (Caswell 2000). The reproductive 
value is calculated as a weighted sum of the present 
and future reproductive output of a stage discounted 
by the probability of surviving (Williams 1966). The 
reproductive value is fairly similar for second- and 
third-year females (821 and 679) with the higher clutch 
size of the latter balanced by the possibility of mortality. 
These second- and third-year females are important 
stages in the life cycle, and represent 88.9 percent of the 
non-egg census population. The cohort generation time 
for this fi sh is 2.4 years (SD = 0.6 years).

Stochastic model

We conducted a stochastic matrix analysis for 
sturgeon chub. We incorporated stochasticity in several 
ways, by varying different combinations of vital rates 
or by varying the amount of stochastic fl uctuation 
(Table A3). We varied the amount of fl uctuation 
by changing the standard deviation of the truncated 
random normal distribution from which the stochastic 
vital rates were selected. The high variability case was 
a standard deviation of one quarter of the “mean” (with 

Figure A3. Elasticity matrix, E (remainder of matrix consists of zeros). The population growth rate (λ) of sturgeon 
chub is most elastic to changes in fi rst-year survival (e

21
 = 0.422), followed by second-year fertility (e

12
 = 0.283) 

and second-year survival (e
21

 = 0.14). Note the considerably lesser relative importance of fi rst-year survival in the 
elasticity analysis relative to the sensitivity analysis — though it is still the highest value in the matrix. 

Age 1 2 3 4 9
1 0.283 0.123 0.016

2 0.422

3 0.140

4 0.016

9

Table A1. Stable age distribution (right eigenvector). At the census, >99.9 percent of the individuals in the population 
should be eggs. The last column is the distribution, omitting eggs. Over sixty percent of the non-egg population will 
be second-year females (censused as yearlings) and the rest will be older, “adult” females.
Age Class Description Proportion Omitting eggs
1 Eggs (to yearling) >0.998 —
2 Second-year females 0.001 0.635
3 Third-year females 0.000 0.254
4 Fourth-year females 0.000 0.101
5 Maximum-age females 0.000 0.010
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Table A2. Reproductive values (left eigenvector). Reproductive values describe the “value” of an age class as a seed 
for population growth relative to the newborn (or, in this case, egg) age-class. The reproductive value of the fi rst age-
class is always 1.0. The peak reproductive value (second-year females) is highlighted.
Age Class Description Reproductive values
1 Eggs/fi rst-year females 1.00
2 Second-year females 820.6
3 Third-year females 679.1
4 Fourth-year females 199.8
5 Maximum-age females 0.00

Table A3. Summary of three variants of stochastic projections for sturgeon chub.
Variant 1 Variant 2 Variant 3

Input factors:
Affected cells F

i
P

21
P

21

S.D. of random normal distribution 1/4 1/4 1/8
Output values:

Deterministic λ 1.001 1.001 1.001
# Extinctions/100 trials 13 68 0
Mean extinction time 1,565 1,365 n.a.
# Declines/# survived 72/87 28/32 58/100
Mean ending population size 16,508 702,113 38,954
     Standard  deviation 68,947 4.0 X 106 130,241
Median ending size 279 84 6,824
Log λ

s
-0.00214 -0.00598 -0.00047

λ
s

0.9979 0.9940 0.9995
% reduction in λ 0.33 0.71 0.17

this “mean” set at the value of the original matrix entry 
[vital rate], a

ij
 under the deterministic analysis). Under 

Variant 1 we subjected all reproductive arcs (F
i
) to 

stochastic fl uctuations with high variability (SD one 
quarter of mean). Under Variant 2 we varied only the 
survival of fi rst-year fi sh (P

21
) with high variability 

(SD one quarter of mean). Under Variant 3 we again 
varied only fi rst-year survival but reduced the stochastic 
variability to one eighth of the mean. Each run consisted 
of 2,000 census intervals (years) beginning with a 
population size of 10,000 distributed according to the 
stable age distribution under the deterministic model. 
Beginning at the stable age distribution helps avoid the 
effects of transient, non-equilibrium dynamics. The 
overall simulation consisted of 100 runs (each with 
2,000 cycles). We calculated the stochastic growth rate, 
logλ

S
, according to equation 14.61 of Caswell (2000), 

after discarding the fi rst 1,000 cycles in order to further 
avoid transient dynamics. 

The stochastic model (Table A3) produced two 
major results. First, high variability on fi rst-year survival 
had the greatest detrimental effect. For example, 68 of 

100 runs led to extinctions with highly variable fi rst-
year survival under Variant 2. The next greatest effect 
came from varying the fertility rates of all age classes 
under Variant 1 — 13 extinctions. The difference in the 
effects of which arc was most important is predictable 
largely from the elasticities. Population growth rate 
(λ) was as elastic (e

21
 = 0.422) to changes in fi rst-

year survival as it was to the sum of all the changes 
in the fertility rates (summed fertility elasticities = 
0.422). This detrimental effect of variability occurs 
despite the fact that the average vital rates remain the 
same as under the deterministic model — the random 
selections are from a symmetrical distribution. This 
apparent paradox is due to the lognormal distribution 
of stochastic ending population sizes (Caswell 2000). 
The lognormal distribution has the property that the 
mean exceeds the median, which exceeds the mode. 
Any particular realization will therefore be most likely 
to end at a population size considerably lower than the 
initial population size. The second major result was that 
the magnitude of stochastic fl uctuation had a discernible 
effect on population dynamics (compare Variants 2 and 
3 in Table A3). With low level of stochastic variation 
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directed only at fi rst-year survival, no populations went 
extinct, although 58 of 100 underwent declines. These 
results indicate that populations of sturgeon chub are 
vulnerable to stochastic fl uctuations in early survival 
(due, for example, to annual climatic change or to 
human disturbance), especially when the magnitude 
of fl uctuations is high. To a lesser degree, variations 
in reproduction will also have strong effects when 
variability is high. Pfi ster (1998) showed that for a 
wide range of empirical life histories, high sensitivity 
or elasticity was negatively correlated with high rates of 
temporal variation. That is, most species appear to have 
responded to strong selection by having low variability 
for sensitive transitions in their life cycles. For sturgeon 
chub, with stochasticity having the greatest impact on 
early survival, the life history may not allow the kind 
of adjustment of risk load that may be possible in other 
species. Variable early survival is likely to be the rule 
rather than the exception.

Potential refi nements of the models

Clearly, the better the data on survival rates, the 
more accurate the resulting analysis. The “missing 
element” in the life history for sturgeon chub is fi rst-
year survival, which emerges as the vital rate to which 
population growth rate (λ) is both most sensitive and 
most elastic. Data from natural populations on the 
range of variability in the vital rates would allow more 
realistic functions to model stochastic fl uctuations. 
For example, time series based on actual temporal 
or spatial variability, would allow construction of a 
series of “stochastic” matrices that mirrored actual 
variation. One advantage of such a series would be 
the incorporation of observed correlations between 

variation in vital rates. Using observed correlations 
would improve on this assumption by incorporating 
forces that we did not consider. Those forces may 
drive greater positive or negative correlation among 
life history traits. Other potential refi nements include 
incorporating density-dependent effects. At present, the 
data appear insuffi cient to assess reasonable functions 
governing density dependence.

Summary of major conclusions from matrix 
projection models:

 First-year survival accounts for >99.9 
percent of the total “possible” sensitivity. 
Any absolute changes in this rate will have 
major impacts on population dynamics.

 First- and second year survival (P
21

 and 
P

32
) account for 56.2 percent of the total 

elasticity, compared to the 42.2 percent 
accounted for by the entire set of fertilities. 
Proportional changes in fi rst- and second-
year survival will have a major impact on 
population dynamics.

 The reproductive value of second- and 
third-year females is high. Their high 
reproductive values make them important 
buffers against the detrimental effects of 
variable conditions.

 Stochastic simulations echoed the elasticity 
analyses in emphasizing the importance of 
variation in fi rst- and second-year survival to 
population dynamics.
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 LIST OF ERRATA

06/03/09 Page 3, fi rst paragraph (Status), last sentence.

 To improve accuracy, the following sentence was changed from:
 “The sturgeon chub is present on the Buffalo Gap National Grassland in South Dakota and the Thunder 

Basin National Grassland in Wyoming, but it is absent from other lands managed by the Region 2 of 
the USDA Forest Service.”

 To:
 “The sturgeon chub is present on the Buffalo Gap National Grassland in South Dakota, but it is absent 

from other lands managed by the Region 2 of the USDA Forest Service.” 
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