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Abstract
The importance of main-stem rivers and major tributaries to

endangered Colorado River fishes is well documented, but the use
and significance of small tributary streams remains poorly under-
stood. Historically, these fishes probably used smaller tributaries
for spawning, rearing, feeding, and refuge. Currently, the prolif-
eration of nonnative species and altered flows may have affected
tributary use by endangered fishes. In February 2008 and 2009,
we installed a PIT-tag passive interrogation array (PIA) in the
San Rafael River, Utah, approximately 2 km upstream from the
confluence with the Green River, and another PIA approximately
60 km upstream from the Green River confluence. Using passive
detections and active captures in the San Rafael River from 2008
to 2010, we detected 15 Colorado Pikeminnow Ptychocheilus lu-
cius, 16 Bonytails Gila elegans, 20 Razorback Suckers Xyrauchen
texanus, and five “undocumented” fish. Several endangered fishes
were detected on multiple occasions and across years, often moving
into and out of the San Rafael River from distances up to 360 km
away (range, 6–360 km). Our findings demonstrate the use and the
potential importance of small tributaries and their fragile habitats
to endangered fishes.

The Colorado River basin, historically home to an endemic,
depauperate fish fauna, has experienced extensive alterations
from anthropogenic activities and native fish populations have
declined as a result (Minckley and Deacon 1991). Four fishes in
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the basin (Colorado Pikeminnow Ptychocheilus lucius, Bony-
tail Gila elegans, Humpback Chub G. cypha, and Razorback
Sucker Xyrauchen texanus) are listed as endangered under the
U.S. Endangered Species Act of 1973 (ESA) (ESA 1973; US-
FWS 2002a, 2002b, 2002c, 2002d). In the upper Colorado River
basin, critical habitat has been designated for each of these
species in the San Juan, Green, Colorado, Gunnison, Duchesne,
Yampa, and White rivers, all of which are main-stem rivers or
major tributaries (USFWS 1994; Figure 1). With a few excep-
tions, recovery actions for these four endangered species, such
as instream flow protection, research, monitoring, nonnative
fish removal, stocking, and habitat restoration efforts, have been
concentrated in critical habitat areas (USFWS 1994; UCREFRP
2011). However, despite over two decades of recovery efforts
and some isolated examples of positive biological response, en-
dangered fish populations in the Colorado River have not recov-
ered sufficiently to warrant their downlisting or delisting from
the ESA. In the Colorado River basin, areas within the range
of a species that are not categorized as critical habitat may still
be vital to the health and recovery of discrete populations of
endangered species (Finney 2006). These areas outside of des-
ignated critical habitat are probably important for maintenance
of genetic and life history diversity, or as a source of immigrants
for depleted populations (Hanski and Gilpin 1991; Hanski and
Thomas 1994).
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586 BOTTCHER ET AL.

FIGURE 1. The upper Colorado River basin, including locations of the PIA systems in the San Rafael River, Utah, hatchery-release locations and similar
tributaries throughout the basin, and river mile (RM) points for reference.
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MANAGEMENT BRIEF 587

Small tributary systems to the Green and Colorado rivers
might have been historically important to endangered fishes of
the Colorado River basin (Tyus and Saunders 2001). Herein
we define “small tributary streams” both in terms of hydroge-
omorphology and in terms of their conservation status. These
small tributary streams include fifth- to sixth-order rivers such
as the Muddy, Fremont, Price, San Rafael, and Dirty Devil
rivers, with drainage areas of 2,175–6,277 km2, mean annual
discharges (MAQs) of 36.5–103.1 ft3/s, and 2-year flood (post-
dam) discharges of 343–3,882 ft3/s, based on a GIS analysis
of the U.S. Geological Survey (USGS) National Hydrography
Dataset (NHD) at their confluences (Figure 1). For compar-
ison, the Green River (at the Utah USGS gauge site) has a
MAQ of 5,317 ft3/s and a 2-year flood (postdam) discharge of
20,397 ft3/s. In terms of their conservation status, such small
tributaries are frequently not designated as critical habitat un-
der the ESA and thus do not assume a prominent role in the
recovery process for endangered fishes in the Colorado River
basin. In addition, it is rare for consultations under the ESA to af-
ford protection for fish in nondesignated systems. Consequently,
vulnerability of small tributaries in unprotected systems to con-
tinued water development, associated habitat degradation, and
other anthropogenic impacts tends to be greater than for small
tributaries in areas designated as critical habitat, in which re-
covery actions are taking place or that are otherwise legally
protected.

In the last few decades, there have been several documented
occurrences of endangered species inhabiting small tributaries
within the Colorado River basin (McAda et al. 1980; Tyus
1987; Marsh et al. 1991; Wick et al. 1991). Concentrations of
Razorback Sucker larvae in and near the mouth of the San Rafael
River (lower Green River) suggest that such tributaries provide
spawning and rearing habitat for that species (Chart et al. 1999;
Bestgen et al. 2002). Both adult and juvenile Colorado
Pikeminnow have been documented in small tributary systems
(Cavalli 1999; Fresques et al. 2013) as have large numbers
of other, nonlisted native species (e.g., Flannelmouth Sucker
Catostomus latipinnis, Bluehead Sucker C. discobolus, and
Roundtail Chub Gila robusta; McAda et al. 1980; Bottcher
2009), suggesting that these systems provide important feeding
and rearing habitats for native fish fauna. Lastly, because the
native Colorado River fish community would have probably
comprised multiple life history expressions (e.g., migratory,
potamodromous, resident), tributary systems would have
consistently provided habitat for at least one life history
expression or life stage.

We examined recapture data secondarily available from our
own comprehensive local study of sensitive fishes in the San
Rafael River, as well as from dispersed, basin-wide, endangered
fish monitoring efforts throughout the upper Colorado River
basin. Our objective was to evaluate the use of the San Rafael
River, a small tributary to the Green River, by sensitive and
endangered fishes.

METHODS
Study area.—The San Rafael River drains 4,500 km2 in

central Utah, and is formed by the merging of Cottonwood,
Ferron, and Huntington creeks. It is a snowmelt- (in spring) and
monsoon-driven (in autumn) system that flows approximately
175 km from its headwaters in the Manti–LaSal National Forest
to its confluence with the Green River, near the town of Green
River, Utah (Figure 1). Before large water development projects
were initiated (1909–1918), peak streamflows averaged 4,905
ft3/s (range, 1,300–12,000 ft3/s). With over 800 surface points
of diversion and 360 dams in the drainage, the San Rafael River
is one of the most overallocated rivers in Utah (Walker and
Hudson 2004), and minimum instream flows have not been
established for this river. As such, the lower 64 km of the river
are frequently dewatered in the summer.

This tributary is home to several native fishes, including the
Flannelmouth Sucker, Bluehead Sucker, and Roundtail Chub,
(three endemic sensitive species protected under a conservation
agreement: UDWR 2006), and Speckled Dace Rhinichthys
osculus. The system has been invaded by many nonnative
species, including Channel Catfish Ictalurus punctatus, Red
Shiner Cyprinella lutrensis, Sand Shiner Notropis stramineus,
Common Carp Cyprinus carpio, Green Sunfish Lepomis
cyanellus, Fathead Minnow Pimephales promelas, and virile
crayfish Orconectes virilis (Bottcher 2009). Additionally, the ri-
parian zone has been invaded by tamarisk (Tamarix spp.), which
has led to stream bank stabilization, increased channelization,
and decreased floodplain access, thus inhibiting the formation
of complex instream habitat (Bottcher 2009; Fortney et al.
2011).

Data collection.—As part of a larger capture–mark–
recapture study aimed at examining metapopulation dynamics
and identifying limiting factors for Bluehead Sucker, Flannel-
mouth Sucker, and Roundtail Chub in the San Rafael River from
2008 to 2010 (Bottcher 2009; Walsworth 2011), we installed two
solar-powered, full-duplex (134.2 kHz), PIT-tag passive interro-
gation array (PIA) systems. We installed one system in February
2008 at Chaffin Ranch, approximately 2 km upstream from the
San Rafael River’s confluence with the Green River (Figure 1).
In April 2009, we installed a second PIA approximately 3.5 km
downstream from an impassible diversion dam at Hatt Ranch
(62 km upstream from the confluence with the Green River;
Figure 1). Each PIA consisted of a set of two antenna loops
4 m upstream from another set of two antenna loops; each set
of two antennas spans the bankfull width. The four antennas are
connected to a multiplexor unit, which records the date, time,
and individual-specific PIT-tag number each time a tagged fish
swims over the antennas (e.g., Zydlewski et al. 2006). Within
the San Rafael River, and at each PIA, we assumed that if a
fish was detected by the downstream antennas and subsequently
detected by the upstream antennas, it was moving upstream, and
vice versa. The PIA systems were operated nearly continuously
from installation date until 2010 with the exception of short-term
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588 BOTTCHER ET AL.

TABLE 1. Number of unique (i.e., only first detection is counted) detections of endangered and undocumented fishes at both PIAs and unique number collected
in trammel nets and electrofishing surveys near the mouth of the San Rafael River, 2007–2010. Undocumented fish may include non-ESA listed species.

Unique number Unique number
Endangered species detected handled Size (TL, mm) Sources of fish

Colorado Pikeminnow 11 4 358–648 Wild fish from the Green and White rivers.
Bonytail 15 1 163–308 From Wahweap State Fish Hatchery (UDWR),

stocked in Colorado or Green rivers.
Razorback Sucker 16 4 262–560 From Ouray National Fish Hatchery, Green River;

some stocked near Green River city.
Undocumented fishes 5 0 Unknown No information available. Two PIT tags were

distributed to UDWR, Salt Lake City office, and
potentially implanted into nonendangered,
sensitive species.

(less than 1 month) outages associated with maintenance to ad-
dress tuning and high flow or debris events. We qualitatively
estimated detection efficiency at each system by examining dif-
ferential detections between the upstream and downstream an-
tennas (both within sites and among the Chaffin and Hatt Ranch
PIA systems) and by manually passing PIT tags over the anten-
nas throughout the water column.

We were able to determine the timing and duration of tribu-
tary use and movement information for individually PIT-tagged
fish through both active and passive recaptures in the San Rafael
River, coupled with database information on endangered fishes
previously tagged and released in the upper Colorado River
basin by participants in the Recovery Program (mostly Utah
Division of Wildlife Resources [UDWR], Colorado Division of
Parks and Wildlife, U.S. Fish and Wildlife Service, and Col-
orado State University). The Recovery Program has stocked
large numbers of PIT-tagged Razorback Suckers and Bonytails
annually over the past decade into the Colorado and Green rivers
(Nesler et al. 2003; Zelasko et al. 2010), whereas wild Colorado
Pikeminnow have been actively captured and tagged in the same
areas over the past 21 years, usually between April and Octo-
ber (Osmundson and Burnham 1998; Bestgen et al. 2007). We
calculated distance moved as the minimum stream-network dis-
tance between the site of release after initial tagging and the site
of capture or detection in the San Rafael River.

We also actively captured fish by electrofishing and seining
sample sites (300-m reaches) throughout the San Rafael River
and trammel-netting at the mouth of the river. We selected 22
sample sites in the lower 64 km of the river using a random strat-
ified sampling design and actively sampled each reach multiple
times between April and October 2007–2010. We measured (TL,
mm) and weighed (g) all handled fish and examined them for tu-
bercles and ripeness, scanned them for the presence of a PIT tag
(if not previously tagged, we implanted fish with a 23-mm PIT
tag), and released fish near the point of capture. Collectively,
these approaches allowed us to determine the timing, direction,
and extent of fish movement.

RESULTS
Using data from PIA systems and active recapture surveys

in the San Rafael River from 2008 to 2010, we documented
the presence of 51 individual fish (15 Colorado Pikeminnow,
16 Bonytails, 20 Razorback Suckers) and five “undocumented”
fishes (possible endangered fishes or other sensitive native fishes
implanted with PIT tags). For one of the five “undocumented”
PIT-tagged fish, we found the date when it was implanted
and location where it was released, but we could not locate
any history for the other four (even after contacting multiple
agencies in the upper Colorado River basin; Table 1). Nine
of the 10 actively captured fish were collected with trammel
nets or by electrofishing in the lower 300 m of the San Rafael
River upstream from the confluence with the Green River (the
most downstream sample site). The remaining actively cap-
tured fish was an age-0 Colorado Pikeminnow collected by the
UDWR approximately 4.5 km downstream from the Hatt Ranch
diversion.

Several individuals of the endangered fishes were detected
on multiple occasions, often moving into and out of the San
Rafael River, for a total of 100 detections since 2008. At the
Chaffin Ranch PIA, some fish were only detected on either the
downstream or upstream antennas, which limited our ability to
determine the direction of movement. Three of the four fish de-
tected at the Hatt Ranch PIA were previously detected at the
downstream Chaffin Ranch PIA (three fish were also “undocu-
mented,” see above).

Under normal flow conditions, we estimated detection effi-
ciency to be a maximum of 80%, although the efficiency was
probably reduced during periods of high flow. High flow events
were also associated with peaks in fish movement (Figure 2). In
addition to regular use, particularly by Colorado Pikeminnow,
our detection data indicated that many of the endangered fishes
have migrated or dispersed great distances from the initial tag-
ging locations into the San Rafael River; these fish moved up to
360 km from initial tagging locations and a minimum of 6 km
into the San Rafael River (Table 2).
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MANAGEMENT BRIEF 589

TABLE 2. Minimum distance moved and time spent in the San Rafael River (SRR), Utah, including source and initial tagging or release locations for a
highlighted subset of endangered species detected in the SRR. Multiple years detected in the SRR indicate repeat usage. RM = river mile.

First date Last date Minimum Minimum
Initial tagging or Date tagged detected in detected in PIA location distance time in
release location or released SRR SRR in SRR moved (km) SRR (d) Source of fish

Colorado Pikeminnow
Green River, RM 78 6 Mar 06 28 Jun 10 15 Jul 10 Chaffin 33 18 Wild
Green River, RM 93 24 Apr 08 7 Jun 08 11 Jun 08 Chaffin 9 5 Wild

20 Jun 10 2 Jul 10 Chaffin 9 12 Wild
Green River, RM 79 16 Jun 06 8 Jul 09 8 Jul 09 Chaffin 30 17 Wild

10 Jun 10 30 Jun 10 Chaffin and
Hatt

90 17 Wild

White River, RM 20 15 May 07 22 Jun 08 3 Jul 08 Chaffin 282 13 Wild
Green River, RM 99 24 May 07 6 Jun 08 17 Jun 08 Chaffin 6 12 Wild

10 Jun 10 26 Jun 10 Chaffin 6 17 Wild

Bonytail
Colorado River,

RM 111
16 Nov 07 27 May 08 27 May 08 Chaffin 333 1 Stocked, 2005

year-class
Green River, RM 120 11 Nov 07 25 May 08 24 Jul 08 Chaffin 39 60 Stocked, 2005

year-class

Razorback Sucker
Green River, RM 56 28 May 06 8 Jun 08 8 Jun 08 Chaffin 68 1 Stocked,

October 2005
Green River, RM 262 29 Aug 08 5 May 09 5 May 09 Chaffin 268 1 Stocked
Green River, RM 120 2 Sep 09 11 Jun 10 12 Jun 10 Chaffin 39 2 Stocked
Green River, RM 319 29 Aug 06 18 Apr 10 18 Apr 10 Chaffin 360 1 Stocked

Our collections indicate that Colorado Pikeminnow are re-
peat visitors and enter the San Rafael River in May, June,
and July (Figure 2). One passively detected adult Colorado
Pikeminnow traveled a minimum of 60 km upstream within
the San Rafael River. Colorado Pikeminnow traveled between
6 and 282 km to reach the San Rafael River. A single Colorado
Pikeminnow captured and handled near the confluence with the
Green River in late May 2008 was tuberculated, but did not
express gametes.

Our detections also indicate that tagged Bonytails stocked
in the Green River near the town of Green River, Utah, (Green
River, river mile [RM] 120) appear to travel relatively short
distances downstream (i.e., <40 km; total range, 39–333 km;
Table 2) and select the San Rafael River. Four individuals re-
leased at RM 120 by federal biologists in autumn 2007 entered
the San Rafael River in May, June, and July 2008; another seven
Bonytails released at RM 120 in November 2008 moved into
the San Rafael River in May, June, and July 2009; and three
Bonytails released at RM 120 in February 2009 entered the
San Rafael River in June 2010. One Bonytail was detected in
November 2009, although it is unclear whether this fish was
moving into or out of the San Rafael River. A single Bonytail
stocked in the Colorado River near Cisco, Colorado, in autumn
2007 was detected in the San Rafael River in May 2008, having
traveled a distance of over 330 km (Table 2). Length of stay in

the San Rafael River also appears to be highly variable, from 1
d to 2 months (Table 2).

The majority of Razorback Suckers appeared in the San
Rafael River in April, May, and June, corresponding with the
ascending limb of the hydrograph (Figure 2). Those Razorback
Suckers detected during both upstream and downstream move-
ments spent very little time (maximum of 2 d) upstream of the
Chaffin Ranch PIA, though many individuals were only detected
once and at only one antenna. Two Razorback Suckers moved
considerable distances (268 km and 360 km; total range, 5–
360 km) downstream from their initial release locations in the
Green River (Table 2). For all three endangered fish species de-
tected, the number of passive detections increased with variation
in discharge (i.e., spring and monsoonal spates; Figure 2).

DISCUSSION
The detection of 51 endangered fish from three species in

the San Rafael River from 2008 to 2010 highlights the need for
further investigation into the role and importance of tributary
habitats, especially comparatively small systems that are not
emphasized in recovery plans or otherwise protected under
the ESA. While main-stem river reaches and large tributaries
provide the physical and biological conditions necessary for
conservation of endangered fishes (USFWS 1994, 2002a,
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590 BOTTCHER ET AL.

FIGURE 2. Number of detections of PIT-tagged endangered and “undocumented” fish species at PIA systems in the San Rafael River, Utah, in relation to date
and river discharge (cfs = ft3/s).

2002b, 2002c, 2002d), the designation of critical habitat
focuses monitoring and conservation activities in these areas
(USFWS 1994; Hoekstra et al. 2002), and much less protection
is afforded for a wider variety of systems used by these fishes.
Detections of endangered fishes in the San Rafael River and
other small tributary systems offer insight into why tributaries
are important for the native fish assemblage and suggest that
managers reexamine the role tributary systems may play in
species recovery. The timing and duration of pikeminnow
detections, coupled with the presence of a large tuberculated
adult (Bottcher 2009) and historical and contemporary records
of age-0 pikeminnow presence (McAda et al. 1980), collectively
suggest that Colorado Pikeminnow probably use the San Rafael
River for spawning. Homing behavior and high spawning-site
fidelity are characteristic behaviors of Colorado Pikeminnow
(Irving and Modde 2000). Accordingly, repeated detections of
three, large, adult pikeminnow in the San Rafael River in June
and July of 2008 and 2010 indicate the San Rafael River may be
a natal stream for these fish. The absence of detections in spring
2009 may be explained by nonannual spawning behavior (e.g.,
Tyus 1990) or an inefficient PIA due to high flows. Although it

is difficult to describe their spatial distribution within the lower
San Rafael River, the detection of one Colorado Pikeminnow
60 km upstream from the Green River suggests they may travel
extensively upstream in tributary systems to reach areas that
are known to provide spawning habitat for other native fishes
(Tyus and Karp 1990; Bottcher 2009).

Not surprisingly, all Bonytails detected in the San Rafael
River were from hatchery sources. Observations of Bonytails
usually occur immediately after stocking events and are within
a few tens of kilometers downstream from stocking locations
(Bestgen et al. 2006; Recovery Program, unpublished data; see
also Badame 2008). Thus, while it is not surprising that most
Bonytails were detected downstream from stocking locations
in Green River, Utah, the detection of 16 individuals (some
released up to 3 years previously) in a small tributary was
unexpected given their overall rarity in the upper Colorado
River basin. Entry timing and duration of stay suggests that
Bonytails are also selecting the San Rafael River to spawn
and feed (Minckley 1973). In addition, the single observation
of movement downstream from Westwater Canyon of the
Colorado River to the Green River and upstream to the San
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MANAGEMENT BRIEF 591

Rafael River is unprecedented in terms of both direction and
magnitude (over 300 km), as is their repeated “selection” for
the San Rafael River in general.

Although it is clear Razorback Suckers use the San Rafael
River, the lack of multiple detections for individuals limits our
inference. The majority of Razorback Suckers were detected in
late May and early June, coinciding with the ascending limb
of the hydrograph. The timing of these migrations is indicative
of spawning movements, although the duration of use upstream
from the Chaffin Ranch PIA appears to be minimal. Notably, our
detection efficiency was not 100% (maximum, 80%), especially
during periods of high flows; hence, our estimates of tributary
use are conservative. Nonetheless, past studies indicate it is
likely that Razorback Suckers spawn and possibly rear in the
lower San Rafael River (Chart et al. 1999; Bestgen et al. 2002)
and possibly other tributaries (Tyus and Saunders 2001).

Based on available stocking, survival, and population-size
information, use of the San Rafael River by endangered fishes
represents a modest fraction of their extant populations in the
Green River basin. Based on the most recent estimate of abun-
dance of Colorado Pikeminnow in 2008 (Bestgen et al. 2010),
we documented, during our study period, about 1.9% of the
lower Green River subpopulation (adults and juveniles found
between RM 120 and RM 0) using the San Rafael River (15 of
787 fish), or about 0.3% of the entire Green River population (15
of 4,788 fish). Population estimates for Razorback Sucker are
not available at this time. However, since this population is sus-
tained almost entirely by stocking, we are limited to assessing
numbers stocked in the lower Green River from 2004 through
2009 in relation to published survival rates (5% to the first year
at large, 75% in subsequent years; Zelasko et al. 2010; USFWS,
unpublished stocking data). Based on these data, roughly 1,200
fish would be expected to inhabit the lower Green River during
2010 and to be vulnerable to detection in the San Rafael River.
Thus, while these estimates must be viewed with great caution
(i.e., emigration and immigration are ignored), observed use of
the San Rafael River over the 3-year study could be about 1.7%
of the lower Green River subpopulation (20 of 1,200 fish), or
about 0.6% of the entire Green River population (20 of 3,100
fish). No population size or survival data are available for Bony-
tail; however, detections of Bonytails in the San Rafael River
represent 41% of all captures reported during 2007 through
2010 in this reach of the Green River (U.S. Fish and Wildlife
Service surveys were only conducted in this reach in 2007 and
2008; USFWS, unpublished data). In terms of average unique
sightings per year, use of the San Rafael River by Bonytails
and Razorback Suckers (about 6 fish/year for each species) ex-
ceeds that observed at the Redlands fish ladder on the Gunnison
River, a large tributary to the Colorado River, in designated crit-
ical habitat (about two Razorback Suckers and less than one
Bonytail per year; Burdick 2010).

Without the PIA systems, the presence of endangered species
in the San Rafael River would be underestimated or unknown.
Remote, passive detections of endangered fish from 2008 to

2010 outnumbered active recaptures in a ratio greater than five
to one. Deployment of this technology allowed us to begin de-
scribing the timing and duration of tributary usage and the ex-
tent moved by fish, and to highlight the potential importance of
these tributaries as habitat for endangered fishes. Other tribu-
taries are also likely to be selected by endangered fishes, and
PIA systems provide a cost-effective and nearly constant mon-
itoring option for data delivery. One obstacle that will need to
be addressed, however, is the lack of a central, regularly up-
dated, PIT-tag database for all of the endangered and nonlisted
sensitive species within the basin (e.g., “undocumented” fish
herein). A framework for such a database currently exists and
is maintained by the Recovery Program, but incorporating data
from all institutions that mark fish in the upper Colorado River
basin (e.g., universities and other federal and state collabora-
tors), similar to the structure of the Columbia River database
(PTAGIS 2011), will provide a more robust system and will
facilitate quick and accurate queries. Nonetheless, we suggest
these technologies, ideal for describing population dynamics
of highly marked populations with limited natural reproduction
(Hewitt et al. 2010), should be widely applied in similar tribu-
taries throughout the basin to fill knowledge gaps regarding the
role of tributary habitats for various life history stages of these
endangered fishes.

Small tributaries in the upper Colorado River basin may
provide spawning and feeding habitat in addition to their large,
main-stem counterparts. Spawning success in large systems
controlled by hydroelectric dams is negatively affected by
modifications from peak and summer and winter base flows,
blockage of migration routes, and cooler-than-average water
temperatures (Vanicek et al. 1970; Weiss et al. 1998; USFWS
2002a, 2002b, 2002c, 2002d). These alterations also reduce
survival of larvae and juvenile fish (Robinson and Childs 2001;
Ward and Bonar 2003). Conversely, fish inhabiting tributaries
may benefit from more natural temperature regimes in the ab-
sence of large dams (Sabo et al. 2012). Furthermore, some other
investigators have argued that stocking tributaries may actually
improve survival of hatchery-reared fish and lead to augmen-
tation of existing populations (Irving and Modde 2000) more
so than stocking larger main-stem rivers (Chart and Cranney
1992; Zelasko et al. 2010). However, associated and additional
conditions, such as those resulting from water withdrawals (i.e.,
reduced cues to undergo movements, dewatering, stranding)
and the negative effects of high densities of nonnative fishes in
the tributaries, also probably limit survival (Ruppert et al. 1993;
Walsworth 2011), especially in drought years (Fagan et al.
2002). As such, in the absence of restoration to a more natural
flow regime (i.e., providing large spring spates and minimum
instream flows) and removal of threats to larval and juvenile
fish, the benefits of inhabiting intermittent tributary streams
may be outweighed by the costs. The successful recovery of the
endangered fishes will require the expansion of current pop-
ulations and ranges (Maddux et al. 1993), potentially making
restored tributary habitats vital to future recovery efforts.
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Riverine ecosystems are inherently dynamic (Stanford et al.
2005) and the most productive habitats can change over time
scales ranging from days to decades (Stanford et al. 2005;
Schindler et al. 2010; Rypel et al. 2012). Ignoring the diver-
sity of habitats available to and used by a species can result in
the loss of “portfolio effects” buffering against poor local envi-
ronmental conditions (Schindler et al. 2010). As noted above,
at present, the San Rafael River and other small tributaries not
designated as critical habitat or otherwise unprotected under the
ESA do not assume a prominent role in the recovery process
for endangered fishes in the Colorado River basin. Very little
observational data on endangered fish occurrence in the San
Rafael River existed when recovery plans were developed for
each species (USFWS 1990, 1991, 1998). Thus, even though the
San Rafael River and similar systems can provide one or more
of the same elements that were considered in the designation
of critical habitat (i.e., water, physical habitat, and biological
attributes such as prey availability; USFWS 1994; Tyus and
Saunders 2001), these areas were not proposed for critical habi-
tat designation. While management actions for the San Rafael
River do appear in the recovery plan (UCREFRP 2011), efforts
toward their implementation have largely taken place outside
of the Recovery Program, and formal implementation of in-
stream minimum flows for native fishes has yet to take place
(Bottcher 2009; Fortney et al. 2011; Walsworth 2011; UDWR,
unpublished report; J. Jimenez, Bureau of Land Management,
personal communication). Lack of critical habitat designation
and other protections under the ESA leave populations with life
history strategies that take advantage of small tributary habitats
vulnerable to continued anthropogenic impacts. Lastly, in the
face of highly uncertain future environmental conditions, main-
taining population diversity may be increasingly important for
these endangered fishes (Luck et al. 2003; Millar et al. 2007;
Baron et al. 2009).

For the foregoing reasons, we believe that managers may
need to reassess the importance of tributaries and the role they
play to endangered fishes of the Colorado River basin. Investi-
gating and documenting tributary habitat use should be a priority
for research and monitoring. For example, larval drift surveys
could be employed to confirm or refute spawning activity for
all three endangered species in the lower river and identify im-
portant geomorphic characteristics of spawning reaches. Lastly,
some level of protection (e.g., minimum instream flows, habitat
restoration) may be needed for these small and highly suscep-
tible systems, as they are potentially important not only for the
sensitive fishes but also for the recovery of endangered fishes of
the upper Colorado River basin.
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